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CA-IR-37 

Ref: T-1, page 11, line 17. 

Please provide the following information regarding the referenced EPRI Solutions, Inc. ("ESI") 

work that is described: 

a. A complete copy of the "report" prep^ed and issued by ESI. 

b. A copy of the engagement letter/contract memorializing the scope and nature of ESI work 

and funding for same. 

c. State whether any crafts were prepared by ESI and submitted to HECO prior to fmalization 

of the document provided in response to part (a). 

d. If your response to part (c) is affirmative, please provide complete copies of each draft 

report, explaining the changes that were made to such draft(s) and the reasons for such 

changes. 

HECO Response: 

a. The fmal report prepared by ESI, dated October 11, 2006, was filed with the PUC and the 

Division of Consumer Advocacy on October 20, 2006. The ESI final report and the October 

20, 2006 trmismittal letter and attachments are included as Attachment 1 of this response. 

Attachment 1 is voluminous and is available for inspection at HECO's Regulatory Affairs 

Division office. Suite 1301, Central Pacific Plaza, 220 South King Street, Honolulu, Hawaii. 

Please contact Dean Matsuura at 543-4622 to m ^ e arrangements to inspect the requested 

information. 

b. A copy of the Scope of Work for the ESI study, including estimated costs, is included as 

Attachment 2 of this response. Attachment 2 contains confidential information and will be 
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provided pursuant to Protective Order No. 23378, issued April 23, 2007. 

c. Yes. 

d. ESI submitted one (^aft report to HECO, ^id two preliminary drafts. The drafts were dated 

May 15, 2006, June 13, 2006, and July 17, 2006. HECO objects to providing "drafts" of 

reports on the grounds that the final report, mid not drafts, represents the recommendations 

and report of ESI; preliminary drafts are deemed to be confidential, may be subject to the 

attorney-client privilege, and are not intended to be disclosed or made public; and 

requirements to produce preliminary drafts will unduly hamper the consultant/company 

relationship by discouraging the exchange of preliminary thoughts in written form. HECO 

further objects to the request that each change from draft to draft to final be "explained", and 

that "reasons" be provided for each change, based on the foregoing grounds and on the 

further grounds that such a request is overly broad and unduly burdensome. 

Without waiving the foregoing objections, HECO will provide copies of the three draft 

reports (which are voluminous documents) under Protective Order No. 23378, issued 

April 23, 2007. These drafts are included as Attachments 3, 4, and 5 of this response. (ESI 

also submitted a version of the June 13 draft on July 5, 2006, but did not designate it as a 

draft, and the revisions are incorporated in the July 17 draft.) 

From the May to the June preliminary drafts, changes were made to group the 

candidate actions by subject matter (such as scheduled overhauls, corrective/preventative 

maintenance, organizational changes, training, etc.), to add to the definitions and 

explanations to facilitate comprehension of complex material (since the report would not 

only be used internally, but would be provided to regulators), as well as to correct errors and 

improve readability. The major changes from the June draft to the July draft were the 
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addition of an Executive Summary, and some editing of the text in an attempt to better 

capture the intended benefits of the candidate actions that ESI was recommending. There 

were only a few minor corrections and editing changes from the July draft to the final 

report. 
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October 20,2006 
William A. Bonnet 
Wee Presiciwif 
GovBrrmim^& Convnunify Aflam 

Tht HoT3orab3e Chainnan and Members of the 
Hawaii Public Utilities Commission 

465 South King Street 
Kekuanaoa Building, 1st Floor • 
Honolulu, Hawaii 96813 

Dear Chairman Caliboso: 

Subject: Report on Review of HECO's Power Supply Operations, 
Maintenance and Outage Management Programs bv EPRJ Solutions. Inc. 

Enclosed for the Commission's infonnation is, a report prepared by the consultant EPRI 
Solutions, Inc ("ESr') on its review of Hawaiian Electric Company, 1nc.*s ("HECO") Power 
Supply operations, maintenance and outage management programs (i.e., our practices, processes 
and policies). 

Baclcgrouod 

As part of a preliminary discussion of our Adequacy of Supply (AOS) situation for 2006 with the 
Commission and Consumer Advocate on February 24, 2006, we provided historical and 
forward-looking infonnation regarding (I) maintenance and planned outages, effective forced 
outage rates and equivalent availability factors for HECO and firm IPP generating units 
providing power lo our system, and other plarming assumptions and forecasts (such as the peak 
load forecast, and projected CHP, energy efficiency DS?vd and load management DSM impacts 
on peak loads), (2) the impact of such infonnation on HECO's projected reserve margin shortfall, 
and (3) actions being taken to mitigate the reserve margin situation. 

As indicated in that discussion, and in the 2006 AOS Report submitted March 6, 2006, HECO 
anticipated reserve capacity shortfalls in 2006 and projected that these shortfalls will continue at 
least until 2009, which is the earliest that HECO expects to be able to permit, acquire, install and 
place into commercial operation its next central station generating unit. Until sufficient 
generating capacity can be added to the system, HECO will e>;perience a higher risk of 
generation-related customer outages, and more Sequent, longer duration leserve capacity 
shorifslls. HECO has taken a number of actions to minimize the risk of generation-related 
shonfalls including initiatives to improve the availability and reliability of HECO's generating 
units. 
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The Hawaii Public Utilities Commission 
October 20, 2006 
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As part ofthese eiforts, HECO asked ESI to review HECO's Power Supply operations, 
maintenance and outage management programs (i.e., our practices, processes and policies) from 
an objective viewpoint and help us identiiy other candidate actions with the potential to improve 
generation availability and reliability. At the February 24,2006 discussion with the Commissiwi 
and Consimier Advocate, we indicated that wc would provide the ESI report to the Commission 
and the Consumer Advocate when it was finalized. 

Scope of ESI Review 

The scope of the ESI review included the following: 
1. Review the circumstances that contribute to the current situation such as decreasing 

reser\'e margins, condition of the generating fleet including independent powwproducwB 
("IPPs"), and human factors such as decreasing work force experience due to employee 
retirements, 

2. Conduct a benchmarfdng study comparing HECO unit and fleet performance with 
mainland counterparts, 

3. Review operations and maintenance practices, 
4. Conduct plant personnel interviews, and 
5. Idenn'iy candidate actions with the potential to improve generation availability and 

reliability. 

Summary of Fipdings 

ESI presented the following general observations based on its review: 
1. On a comparative basis, HECO has been performing well. HECO is getting significantly 

more fi-om its existing um'ts than its industry peers; 
2. As system demand has grown, HECO has experienced lower reserve margins; 
3. A combination of factors has contributed to a deterioration of Equivalent Availability 

Factor (EAF) in recent years which may result in a decline of reliable service; and 
4. Requirements for high capacity factors and extensive maintenance have made it difficult 

for HECO to sustain the high EAF achieved in the past 

ESI jdenhfied 26 candidate actions for consideration by HECO relative lo their potential to 
improve HECO's generation availability and reliability. T^ese candidate actions were divided 
into five groups: 

1. Scheduled overhauls and outages, 
2. Conective and preventive maintenance, 
3. Organization, 
A. Technology application and data analjTis, and 
5. Training. 
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Overall, HECO is in agreement with the findings of the ESI r^ort and agrees that the candidate 
actions presented by ESI represent opportum'ties to improve the availability and reliability of 
HECO*s generation. For many of the candidate actions, HECO aheady has in place programs 
and projects to address the candidate actions, or these programs and projects are in the process of 
being implemented. 

The following sections provide information on selected candidate actions from each of the five 
groups listed above, and a brief description of HECO's projects and programs that address these 
candidate actions. 

] . Scheduled Overhauls and Outages 

This group of m'ne candidate actions focused on improving the planning and implementation of 
overhauls. The primary driver is the benefit to be gained by shortening the duration of overhauls. 
Specific actions include establishing an outage manager position, improving the documentation 
of the work done during overhauls and conducting formal "lessons learned" sessions at the end of 
each overhaul. 

Establish Outage Manager Positiog 
A reorganization of the Power Supply Operations and Maintenance Department (PSO&M) in 
June 2006 included creau'on of a new position (Senior Supervisor, Overhauls) and the position 
has been filled. This person will fulfill the role of an Outage Manager. Please see Attachment A 
to this letter for more information on the June 2006 reorgaruzation of the PSO&M Department. 

Improve documentation of the work done during overhauls 
The PSO&M Maintenance Superintendent has been tasked with implementing processes as 
necessary to improve documentation of work performed. 

Conduct formal "lessons learned" sessions at the end of each overhaul 
The Sem'or Supen'isor, Overhauls has been designated as accountable for the turnover of 
information following overhauls. 

2. Corrective and Frevenialive MaJatenaBcc 

There were six candidate actions presented to improve the Power Supply Reliability 
Optimisation C'PSRO") program. Specific candidate actions include placing a higher priority on 
performing routine preveniaiive maintenance, improving the prioritization process for new woiic, 
and having ih€ operators perform routine maintenance tasks. 
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Place higher priority on performing routine preventive maintenance 
As part of the PSO&M reorganization of June 2006, the Predictive Maintenance ("PdM") group 
has been fortified with additional O&M Engineers and the role of the PdM group in the 
maintenance planning processes has been elevated. 

Improve the prioritization process for new woric 
Preliminary review by HECO of work orders indicates thai the high volume of high priority woik 
orders is accurate. The Operations Division is taking a more active role in prioritizing the woric 
on a more consistent basis at all three power plants. 

Have operators perform routine maintenance tasks ' 
HECO operators are performing many critical inspections and monitoring performance of the 
equipment. 

3. Grganizat ioB 

The three candidate actions in this group focused on increasing management presence in the 
power plants. One candidate action is to evaluate the need for plant managers or empower the 
senior supervisors to provide leadership at each plant. Another candidate action is to establish a 
•work group to review equivalent forced outage rate ("EFOR") incidents on a quarterly basis and 
to recommend appropriate actions. 

Evaluate the need for plant managers or empower the Senior Supervisors 
The PSO&M reorganization of June 2006 included re-establishment of Station Superintendents 
at the Kahe and Waiau/Honolulu Power Plants. The Sem"or Supervisor at each plant ^ill be more 
focused on plant operations, development of shift supervisors, and administrative matters. The 
new Station Superintendent positions have been filled. 

Establish a work group to review EFOR incidents on a quarterly basis and to recommend 
appropriate actions. 
A formal root cause analysis ("RCA") program ("Taproot") has been laiuiched. It will be 
targeted to major, recxirring problems that adversely affect EFOR and EAF. EFOR and EAF arc 
being tracked daily. PSO&M reviews results monthly. Major contributors to EFOR and EAF 
are identified and referred for RCA. 
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4. Technologv Apph'calion and Analysis 

The three candidate actions in this group focused on making better use of the currently available 
technologies and tools. This included both software tools and hardware tools. 

Resolve sofhvare interface issues between the Ellipse sofhvare and other Maintenan<^ 
Management System ("MMS*n 
Improvements to Elh'pse (e.g., Emerson enhancement al HELCO) are being investigated, HECO 
is also increasing the use of the EPRI*s PaSTA software tool for work scheduling. 

Annually re\'iew North American Electric Reliability Council ("NERC") Generating Availability 
Data S^^tem ("GADS") data to benchmark HECO against industry peers. 
N^RC-GADS benchmarking can be used, in part, to assess the effectiveness of the PSO&M 
practices at a point in time, but not as a real-time guide for making daily decisions. System 
Owners prepare annual state of the system reports for the senior management team, and these 
reports help guide strategic planning for the PSO&M and PSED departments. 

5. Training 

The five candidate actions in the Training group focused on increased training throu^out Power 
Supply. The target audiences for increased training included shift supervisors, operators, system 
owners and subject matter experts. Specific topics to be covered by the increased training 
included root cause anal>^is, commissioning of new equipment and sj'Stems, troubleshooting and 
maintenance planning. 

Develop mentoring and training progjam for fi-ontline supervisors and operators 
The "team training" concept utilized by the US Navy is being adapted to utilize PSO&M's most 
knowledgeable persormel to mentor and train its less experience employees. This is a new, high 
priority assignment for the newly established position of Sem'or Supervisor for Training. This 
new position was established as part of the June 2006 reorganization of the PSO&M and has 
been filled. Again, for more information on the reorganization, please refer to Attachment A. 

Implement a forma! and strucnired root cause analysis methodology 
A forma] root cause analysis ("RCA") program has been launched. 3t will be targeted to major, 
recurring problems that adversely affect EFOR and EAF. 
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Improve troubleshooting capabilities. 
As part of the PSO&M reorgam'zation of June 2006, the O&M Engineers have been consolidated 
into 8 new, larger group. One of the primary responsibihiies of this group will be to lead and 
support troubleshooting efforts. 

As stated above, HECO is in agreement with the findings of the ESI report and agrees that the 
candidate ^tions presented by ESI represent opportunities to improve the availability $s3d 
reliability of HECO's generation. For the majority of the candidate actions, HECO already has in 
place programs and projects to address the candidate actions. For the remainder of the candidate 
actions, HECO is implementing irutiatives lo address the candidate acrions. 

Thank you for the opporfum'ty to presents this information. If you have any questions or need 
additional information, please contact me. 

Very truly yours, 

Enclosures 

cc: Division of Consumer Advocacy (with Enclosure) 
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EREI 
SOLUTIONS 
L 

Review of HECO's Power Supply 
Operations, Maintenance and Outage 
Management Programs 

Prepared for: 
Hawaiian Electric Company, Inc, 

Prepared by: 
EPRI Solutions, Inc. 

Date: 
October 11, 2006 

This report contains information and data developed as part of an independent assessment and the report shall not be 
altered — in whole or in part — without the express permission of the author. The client shall have the right to duplicate, 
use, or disclose the data to the extent provided in the contract and this restriction does not limit the client's right to use 
information contained herein available from another source or a deliverable in accordance with the terms and conditions 
of the conttact. 
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EXECUTIVE SUMMARY 

On a comparative basis the Hawaiian Electric Company (HECO) steam-electric generating units 
have been performing very well. Industry benchmarking confirms that HECO is getting 
significantly more from its existing units than its industry peers. Until 2004, performance 
indicators - Equivalent Availability Factor (EAF) and Equivalent Forced Outage Rate (EFOR) ~ 
compare quite favorably with the industry despite operating at high load and capacity factors. 
For example, HECO operates units at a Net Capacity Factor (NCF) that is well above industry 
averages, and in many cases, double that of other simile units. 

However, as system demand has grown since 1999, the HECO system has experienced lower 
reserve margins (Figure 1). 

HECO System Reserve Margin 

Figure 1 - HECO Reserve Margin History (Reference 6) 

As the reserve margins are lowered, existing generating units are operating harder (higher service 
hours Mid cyclic operation). Additionally, major overhauls and other types of maintenance have 
been implemented to sustain reliable perform^ice. 
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The combination of operating conditions and the continued need for major overhauls and other 
types of maintenance have contributed to the deterioration in the Equivalent Availability Factor 
(EAF) in recent years. This deterioration of EAF may result in a decline of reliable service. 
Sustaining acceptable levels of reliability at high capacity factors will continue to require 
extensive maintenance, repair, and refurbishment on a continuing, Mid is some cases an 
accelerated, basis. Therefore, these circumstances have made it difficult for the HECO units to 
continue to perform at the high levels of availability achieved in the past (Figure 2). 
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Figure 2: Lost M W H 

Opportunities: 
• Planned Outages 
• Un-planned Outages-
• Un-planned Deratings 

HECO requested that EPRI Solutions review its operations, maintenmice and outage 
management programs from an objective viewpoint and identify candidate actions with the 
potential to improve its generation availability and reliability. The scope of the review included 
the following: 
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• A review of the circumstances that contribute to the current situation such as the 
decreasing reserve margins, condition of the generating fleet including IPP's, and 
human factors such as decreasing experience due to employee retirements. 

• A review of maintenance practices 
• A benchmark study comparing HECO unit and fleet performance with mainland 

counterparts 
• Plant personnel interviews 

Based on this review, EPRI Solutions has developed candidate actions that have the potential to 
assist HECO in improving its programs and achieving their objective of sustaining generation 
reliability and availability in a low reserve margin environment. These candidate actions have 
been grouped into the following five focus areas: 

• Scheduled Overhauls & Outages: There are several potential opportunities to improve 
the overall efficiency and performance of plant outages and overhauls by enhancing the 
focus and accountability for the overall outage in the areas of outage task management, 
outage scope definition, pre-outage preparation, and post-outage critiques. 

Corrective & Preventive Maintenance: HECO's Power Supply Reliability Optimization 
(PSRO) initiative is underway and designed to optimize unit reliability and production 
costs. Several potential opportunities may provide improvement in the maintenance 
process. These include implementation of the complete maintenance basis, evaluation of 
additional manpower and skill set requirements, improved coordination and deployment 
of resources, and better defmition of task priorities to ensure that high priority items aiQ 
truly high priority. 

Organization: There are several opportunities that have been identified to improve 
responsibilities and accountabilities within the organization. For example, the 
superintendents, instead of the senior supervisors, appear to be taking the lead on 
resolving daily plant issues, and are not spending sufficient time on higher level day-to
day management and supervisory activities. Also, the senior supervisors that report to 
the superintendents do not appear empowered and in control of the overall plant 
performance. There does not appear to be a formal process for continual evaluation, 
prioritization, and identification of measures taken to minimize or eliminate negative 
impacts on EFOR and EAF. 

Technology Application & Data Analysis: There is an opportunity to expand the use and 
application of the existing technologies and data that exist within HECO. While benefits 
are being realized, there are opportunities to improve root cause analysis capability, task 
prioritization, and work management efficiency by expanding, integrating, and/or 
combining the capabilities of existing tools (OSI PI and Process Books, the DCS data 
acquisition system, PlantView, Ellipse, and PaSTA) with available NERC-GADS and 
benchmarking data to improve generating unit and equipment availability and reliability 
by shortening the time required to perform root cause analysis and permanently 
resolving equipment problems. 
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• Training: Several areas involving training and familiarization with technologies were 
identified as opportunities for improvement. Some examples include: 

o A significant number of newly hired Shift Supervisors said Operators, and newly 
assigned System Owners that will need training and support to close the 
"experience gap" resulting from employee retirements, the installation of new 
technologies, etc. The experience gap also limits their opportunity to effectively 
interface with other staff. 

o Related to the item above, there are opportunities to improve maintenance, 
operations and the engineers' ability to detect and troubleshoot problems by 
applying root cause analysis tools mid techniques prior to initiating the 
maintenance action or outage. 

o With regard to equipment upgrades there are indications that HECO Operators 
and System Owners are unable to take full advantage of the capabilities of 
upgraded equipment due to a lack of understanding of the new technology. 

o An understanding of the technical capabilities and services provided by the 
Predictive Maintenance staff should be expanded to the operations and 
maintenance staff. 

o There may be an opportunity to better utilize current operation and maintenance 
resources by providing cross-training and multi-skill development opportunities. 

The candidate actions in each ofthese aieas provide HECO opportunities to further improve their 
operations, maintenance and outage management programs and to sustain a reasonable level of 
reliability in a low reserve margin situation. A detailed list of candidate actions grouped into 
these five focus meas was developed for consideration by HECO mid is presented in Appendix B 
to this report. 
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1 PROJECT BACKGROUND 

The Hawaiian Electric Company (HECO) has retained the services of EPRI Solutions to review 
its operations, maintenance and outage management programs and to identify candidate actions 
to improve its generation assets availability and reliability. 

HECO is responsible for ensuring reliable power to Oahu. The electrical system on Oahu is &x\ 
island system that requires HECO to operate many of its plants in a load following or peak load 
operating mode. The demand growth over the past decade has resulted in lower reserve margins 
on the HECO system and has resulted in harder operating conditions (higher service hours and 
cyclic operation) on the HECO generating units. The impact of the current operating 
requirements is putting severe pressure on the existing generation units. A system operating at 
lower reserve margins causes additional wear and tear on the generation units due to the inability 
to take frequent derates and outages for routine maintenance (in order to support the reserve 
margin requirements). These operating conditions have placed a significant burden on the plant 
assets and HECO has experienced increased forced outage rates in 2004 and 2005. The purpose 
of this preliminary assessment is to understand the current situation on Oahu and identify 
potential causes for the current performance trends and to identify candidate actions that may 
lead to improved performance. 

1.1 Objectives 

EPRI Solutions conducted a preliminary assessment of HECO's operations, maintenance and 
outage management programs and also performed an industry peer group unit performance 
benchmark analysis to identify: 

1) Candidate actions with the potential for immediate improvements; 

2) Candidate actions with the potential for longer term benefits but which require more 
involved process improvements or larger resource commitments; and 

3) Candidate areas for further study with the potential to yield additional improvement 
opportunities. 

1.2 Scope of Work 

The preliminary assessment focused on defining the following: 
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• Unit-specific and system EFOR/EAF performance trends and events 

• Key contributors to low EAF and high EFOR on a unit and system basis 

• Factors under management control impacting EAF and EFOR 

• Factors not under management control impacting EAF and EFOR 

• Generating unit dispatching practices and their impacts on EAF and EFOR 

• Grid vulnerabilities introduced when units are out of service due to multiple and 
concurrent forced or planned outages (Waiau, Kahe, Honolulu, AES, KPLP, HRRV) 

• Operations and maintenance constraints due to requirements in IPP power purchase 
agreements (PPAs) 

• Forced and planned outage frequency and durations drivers (50, 90 and 150 MW 
Class Units) 

• Benchmarking and prioritization of PSRO System Owner responsibilities 

• Trends for planned unit outages and an evaluation of the effectiveness of planned 
outages to improve EAF and EFOR. 

1.3 Deliverables 

The results of the industry performance benchmark and preliminary assessment along with 
findings, conclusions and candidate actions are documented in this report. 
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2 CURRENT SITUATION 

The current state of the HECO generation system is presented in two parts: 

• A description of the HECO generation system and the environment in which it functions 
(State of Generation). 

• A description of the current system performance. 

The information presented here provides the current status of the HECO generation system, 
which serves as the basis for this review mid analysis. 

2.1 State of Generation 

System Description 

The Oahu power system is a "power island" system. A "power island" system is isolated from 
all other power systems. This is a critical feature of the environment in which HECO operates. 
On the mainland, utility power systems are interconnected to neighboring utility systems and can 
rely on this larger power grid for reserve margin and system stability. An "island" system must 
operate and maintain reserve margin and system stability on its own. 

As an island utility, HECO must operate and maintain its generating units, as well as coordinate 
operation and maintenance of the facilities of the Independent Power Producers (IPP's), so that 
there is sufficient generation capacity at all times to serve the island demand. Also, sufficient 
spinning reserve and quick load pickup (explained below) must be available to minimize 
interruption caused by the sudden loss of the largest generating unit. 

The HECO generation assets, as well as the assets of the IPP's, are shown in Table 1. The table 
indicates the owner, unit, generating unit capability, type of unit, intended operating mode, 
installation date, and age. The generating units shown in the table represent the sum of the firm 
generation capacity for Oahu, which totals 1,669MW. 
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Table 1: HECO and IPP Generating Units as of May 2006 (Reference 1) 

Unit Capability 
(MW) 

Type Operating 
Mode 

Installation 
Date 

Age 
(Years) 

HECO Units 
Honolulu 8 
Honolulu 9 
Waiau 3 
Waiau 4 
Waiau 5 
Waiau 6 
Waiau 7 
Waiau 8 
Waiau 9 
Waiau 10 
Kahel 
Kahe 2 
Kahe 3 
Kahe 4 
Kahe 5 
Kahe 6 

56 
57 
49 
49 
57 
56 
92 
94 
53 
50 
92 
89 
92 
92 
142 
142 

Steam, Non-Reheat 
Steam, Non-Reheat 
Steam, Non-Reheat 
Steam, Non-Reheat 
Steam, Non-Reheat 
Steam, Non-Reheat 

Steam, Reheat 
Steam, Reheat 

Combustion Turbine 
Combustion Turbine 

Steam, Reheat 
Steam, Reheat 
Steam, Reheat 
Steam, Reheat 
Steam, Reheat 
Steam, Reheat 

Cycling 
Cycling 
Cycling 
Cycling 
Cycling 
Cycling 

Base 
Base 

Peaking 
Peaking 

Base 
Base 
Base 
Base 
Base 
Base 

1954 
1957 
1947 
1950 
1959 
1961 
1966 
1968 
1973 
1973 
1963 
1964 
1970 
1972 
1974 
1981 

52 
49 
59 
56 
47 
45 
40 
38 
33 
33 
43 
42 
36 
34 
32 
25 

Independent Power Producer Units 
H-Power 
KPLP(l) 
AES 

46 
208 
180 

Steam, Non-Reheat 
Combined Cycle 

Steam, Reheat 

Base 
Base 
Base 

1990 
1991 
1992 

16 
15 
14 

Notes: 
(1) KPLP is a dual-train combined cycle generating plant comprising two combustion turbines, 
two heat recovery boilers and one steam turbine. For system operations purposes, KPLP is 
treated as two generating units and is not considered the largest unit on the HECO system. 

For purposes of this study, the units are classified by their different operating modes as follows: 

• Baseloaded Unit: A unit that is operated 24 hours per day, 7 days per week, except for 
periods when they are down for maintenance or forced outage. These units are the most 
efficient units (reheat or combined cycle) on the system (except for H-Power). 

• Cycling Unit: A unit that is available for daily start up and shut down to support daily 
peak loads. These units are less efficient (non-reheat) HECO units that were originally 
designed for baseload operation. 
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Peaking Unit: A unit that is intended to support spinning reserve and quick load pickup 
requirements during brief periods at the highest peak demand period of the day, or to 
support emergency generation during periods of generation shortfall. These units are 
quick starting units (combustion turbines) capable of coming on line within 20 minutes as 
compared to steam units that may take hours. 

System Operation 

The HECO system description and system operation have been previously discussed in various 
HECO dockets and other forums with the regulatory agency and other public agencies. The 
descriptions and data in this section draw heavily from information provided in these documents 
(which are referenced throughout this section). Specifically, HECO's recent rate case testimony 
provides detailed information on the system and its operation (See Reference 2). 

The HECO system (including IPPs) is a "power island" and must meet system load, reserve 
mmgin mid system stability requirements with its own resources. As indicated in Table 1, the 
generation capability for Oahu comes from a mix of HECO-owned baseloaded, cycling, and 
peaking units, and IPP-owned baseloaded units. The system operation is performed by HECO 
through an energy management system (EMS) that dispatches the loading of each available 
generating unit to satisfy reliability and cost criteria. On Oahu, the EMS controls the loading of 
the 14 HECO steam-electric generating units, 2 HECO combustion turbines, and the IPP 
generating units. The EMS dispatches a combination of baseloaded, cycling, and peaking units 
to serve the system load with sufficient spinning reserve and quick load pickup criteria to 
respond to unanticipated emergencies such as the loss of the largest generating unit. 

The system demand is the electric energy consumed by customers. Daily system demand 
patterns vary over a 24-hour period from a minimum to a peak as shown in Figure 3. To 
maintain reliability and quality, supply must exactly match demand at any point in time. If 
demand is allowed to exceed supply, system frequency will begin to sag below 60 Hz, and if it 
sags too low, customers will be shed from the system via automatic and/or manual means in an 
attempt to reestablish the balance between supply and demand. If demand exceeds supply, and if 
customers are shed offline due to severe frequency depression, they can expect to remain 
without power until either additional supply (generation) can be brought on line, or other 
equivalent loads are taken off line, i.e., rolling blackouts. In order to protect the system from a 
supply shortage, generating units are dispatched to meet the system demand and provide 
sufficient spinning reserve (on-line reserve generation capacity) and quick load pickup to recover 
from the loss of the Imgest operating unit. Spinning reserve and quick load pickup are 
accomplished by operating selected units at less than full load such that the units have a 
combined reserve that can make up for the loss of the largest operating unit. The criteria for 
spinning reserve and quick load pickup are described below. 

• Spinning reserve is a system operating criteria that is maintained to avoid customer 
disruptions caused by the sudden loss of the largest generating unit. Spinning reserve is 
basically the sum of the full load capacity of all generating units that are on line less the 
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system demand. In order to satisfy the spinning reserve criteria, this difference must be 
equal to or greater than the capacity of the largest running unit. This means that the 
system will normally carry enough spinning reserve so that in the event the largest 
operating unit trips offline, and after the system stabilizes, there is enough generation 
(supply) to meet the demand while still maintaining normal system frequency (60 Hz) 
and voltage. 

Quick load pickup is a system operating criteria that is intended to avoid the operation of 
load shedding relays in sudden and severe system frequency depression (Demand > 
Supply) situations caused by the trip out, or forced outage, of an operating unit. Quick 
load pickup is defined as maintaining sufficient operating unit capability such that, upon 
tripout of any operating unit, the remaining operating units will have sufficient reserves 
to stabilize system frequency within three seconds after an operating unit tripout. 
Generally, the generating units are designed to pick up approximately 50-60% of their 
remaining capability (difference between actual loading and full load capability) within 
three seconds of a sudden severe frequency depression. 

Typica l Dai ly Load Prof i le 
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Figure 3: Typical Daily Load Profile (Reference 3) 
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Insufficient spinning reserve or insufficient quick load pickup does not impact customer power 
reliability or quality as long as there is sufficient supply to meet peak demand. If all available 
operating units are used at their respective maximum capacity just to meet demand (i.e., zero 
quick load pickup to stabilize the system if an operating unit trips and/or zero spinning reserve to 
meet the load if an operating unit trips), the trip of any operating unit will trigger a frequency 
depression and subsequent underfrequency load shedding may occur. If the system frequency 
drops to 58.5 Hz for 10 seconds due to the imbalance between Demand and Supply (Demand > 
Supply) caused by a forced outage, a portion of the system load will be shed automatically. This 
automatic protective action is necessary to protect the island system from total collapse. 

This condition may occur during periods when there is a reserve capacity shortfall caused by 
multiple generating units being down for maintenance or forced outage, or if the system peak 
grows at such a rate that it effectively uses up available reserve capacity, or a combination of 
these events. 

In order to ensure reliable operation, and to meet stringent operating permit and insurance 
requirements, units are periodically shutdown for periods of time (measured in weeks) to 
perform overhauls (also referred to as "planned outages"). In addition, operating units may 
require scheduled short duration (several days to a few weeks) maintenance outages to repair 
equipment problems requiring a unit shutdown. Occasionally units also experience unscheduled 
forced outages due to a number of causes including protective trips caused by equipment or 
control problems, operator-initiated trips, or other malfunctions. In the event that multiple units 
are unavailable due to any combination of the above, a generation shortfall situation may occur 
where spinning reserve and quick load pickup cannot be maintained through the system peak 
periods. Whether the customers are impacted or not depends on the system load at the time, and 
the amount of available capacity. 

Current Environment 

In the past, system demand was lower and the HECO system had sufficient reserve capacity to 
handle combinations of simultaneous outages (planned, maintenance, and forced). The 
Adequacy of Supply Report (Reference 4) submitted in March 2004 projected a significantly 
higher demand than was anticipated prior to 2003. This projected demand has moved up the 
need for additional capacity; however, a realistic installation date for new capacity is 2009 
(Reference 5). Therefore, HECO has to carefully manage the island's generating units to ensure 
that sufficient supply exists for the demand. This situation emphasizes the need for effective 
management of the generation fleet to meet system load, spinning reserve and quick load pickup 
requirements. 

Effective management of the generation fleet includes efficient scheduling and management of 
planned and maintenance outages and a focus on reducing forced outages to mitigate the impact 
of the reduced reserve mmgin. The trends shown in Figure 1 (in the Executive Summary) show 
a reduction in reserve margin. The difference between the demand and the capacity represents 
the reserve margin which is available to accommodate unit planned and unplanned outages and 
deratings. As evident from these data, the reserve margin has reduced significantly over the past 
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5 years. This situation puts a premium on reducing the duration of planned outages as well as 
minimizing maintenance and forced outages. 

HECO has implemented or is evaluating a variety of mitigation actions to address the potential 
reserve margin shortfalls. The mitigation actions related to HECO's operating and maintenance 
practices, processes and policies include: 

• Maintaining staffing levels to support 24/7 operations at all fourteen of HECO stemn-
electric generating units. 

• Continuing efforts to implement additional maintenance personnel to allow operational 
maintenance during day and night periods. 

• Continuing to invest in projects to improve the reliability of the generating units and to 
improve the flexibility in their operations. 

• Continuing to optimize planned maintenance schedules to minimize the occurrence of 
reserve capacity shortfalls, target maintenance based on the most current assessments of 
unit component conditions, and adjust them for any unanticipated outages of units. 

• Continuing to work with IPP partners to increase availability and reduce the impact of 
IPP maintenance on system reliability by careful coordination of HECO and IPP 
maintenance schedules. 

EPRI Solutions agrees that these mitigation measures will assist in reducing the potential for 
capacity shortfalls. The full range of mitigation measures is discussed in the Adequacy of 
Supply report submitted to the Hawaii Public Utilities Commission on March 6, 2006 (Reference 
5). 

In addition to the established mitigation measures above, the current and anticipated future 
operating environment highlights the need to explore ways to reduce the duration and number of 
generation unit outages while still accomplishing the maintenance that needs to get done. This 
is one of the motivators for this study. 

2.2 Performance 

The previous section described the HECO generation fleet, its current operating environment, 
maintenance outage scheduling, and the current steps to mitigate reserve margin shortfall 
challenges. This section describes the performance of the HECO generating units and fleet as 
they relate to plant availability and unplanned outages. Given the current operating 
environment, there is a premium on the availability and reliability of the HECO fleet and IPP's 
relative to minimizing outages and increasing unit availabilities for dispatch. 

There are several key measures commonly used to track the performmice of individual 
generating units and also a fleet of generating units, including: 

• Capacity Factor (CF) 
• Equivalent Availability Factor (EAF) 
• Equivalent Forced Outage Rate (EFOR) 
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The recent trends in CF, EAF and EFOR for HECO units are indicative of the challenges facing 
HECO's island system. A high-level perspective with pertinent background information is 
provided to facilitate an understanding of the current challenges and to provide a means to 
identify additional opportunities to help mitigate negative impacts on unit availability and 
reliability. 

The load growth on the HECO system has increased over the past decade, such that all 
generating units are operating significantly harder than in the recent past. As a result, many 
factors such as the age of the existing generating units, more frequent reserve capacity shortfall 
situations, reduced flexibility in outage scheduling, and limited opportunities to perform repairs 
are impacting the availability (EAF) mid reliability (EFOR) of the units. 

The performance of the HECO units around these key operating parameters is described below. 
The following discussion shows that while HECO continues to outperform industry peers, 
HECO's performance trends me showing signs of degradation over the past few years. This 
decrease in performmice and the impact on overall system reliability is another motivator for this 
study. 

Capacity Factor (CF) 

The capacity factor is a percentage of the output of a generating unit relative to its maximum 
potential output over a given period of time. The HECO units me operating hmder at a level 
well above the industry average. However, this high capacity factor is also an indicator of the 
wear and tear that these plants experience relative to the industry for these types of units. A 
more detailed discussion of the capacity factor and its impact on the plants is provided in Section 
4.1. 

Equivalent Availability Factor (EAF) 

The equivalent availability factor (EAF) is a percentage that represents the availability of the full 
capacity of the generating units whether they operate or remain available on standby. HECO 
monitors their performance in EAF mid also compares their performance to the industry at large. 
Figure 4 shows the historical HECO EAF performance through 2005 and the performance of the 
industry peer group through 2004. 
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HECO System EAF Compared to Industry 
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Figure 4: Historical EAF Performance (Reference 7) 

HECO has outperformed the industry peer group over the years, but this is a requirement for an 
"island" utility. Since there is no support from a neighboring utility through the power grid, 
HECO must maintain high availability values to meet demand. Since the current situation shows 
a narrowing gap between available supply and demand, there is more urgency in maintaining a 
high availability factor. Figure 4 also indicates that HECO's EAF performance has declined 
over the past few yems. These EAF trends are discussed below and also in Section 4.1. 

Equivalent Forced Outase Rate (EFOR) 

Equivalent forced outage rate (EFOR) is a percentage that represents the sum of the equivalent 
full load outage durations for each unplanned unit derating and all unit hours lost due to forced 
outages. Again, HECO's performance has been consistently better thmi the industry peer group. 
However, there has been degradation in the EFOR over the past few years. This degradation in 
EFOR has occurred while HECO has been significantly investing in maintenance and 
improvement projects. Figure 5 shows the EFOR performance as measured by HECO through 
2005. The EFOR trends are discussed below and also in Section 4.1. The industry data for years 
2003 and 2004 me also further discussed in Section 4.1. 
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HECO System Composite EFOR Compared to Industry 
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Figure 5: Historical EFOR Performance (Reference 8) 

Major Factors Affectins HECO *s E A F and EFOR 

Several factors have contributed to lower EAF and higher EFOR trends in the HECO system in 
recent years (as discussed in Reference 2), including: 

1. Reduced flexibility for scheduling maintenance. 

Power is supplied to the HECO system by 14 steam-electric generators and 2 combustion 
turbines owned by HECO, and three major independent power producers (Kalaeloa 
(KPLP), AES and H-Power). To ensure reliable operation and meet stringent operating 
permit and insurance requirements, units are routinely shut down for periods of time 
(measured in weeks) to perform overhauls called planned outages ("PO"). In addition, 
operating units may require scheduled short duration (several days to a few weeks) 
maintenance outages ("MO") to repair equipment problems requiring a unit shutdown. 
Occasionally units also experience unscheduled forced outages ("FO") due to a number 
of causes including protective trips caused by equipment or control problems, operator-
initiated trips, or other malfunctions. In the event that multiple units are unavailable due 
to any combination of the above, a generation shortfall situation may occur where 
spinning reserve and quick load pickup cannot be maintained through the system peak 
periods. 

The reduction in reserve capacity available to allow unit outages (while meeting spinning 
reserve and quick load pickup requirements) for maintenance is due, in part, to growing 
system demand. This reduction in reserve capacity adversely impacts unit outage 
scheduling flexibility by often delaying unit outages to meet spinning reserve and 

19 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 26 OF 84 

quickload pickup requirements. Of the types of outages mentioned above, maintenance 
outages are less predictable on a short term basis, and forced outages and/or unit derates 
are completely unpredictable. The reduced scheduling flexibility often creates increased 
risk to the system, particulmly when units must continue to operate with manageable 
problems until sufficient reserve capacity is available to schedule a shutdown. 

2. Age of generating units and associated infrastructure. 

The average age of HECO non-reheat and reheat steam units in 2006 is approximately 49 
years and 34 years, respectively. The two peaking combustion turbines, Waiau 9 and 10 
are 31 years old. The ages for the IPP generating units at H-Power, Kalaeloa and AES 
are 16, 15, and 14 years, respectively. As generating units age, there will be an increase 
in the scope of routine maintenance, repair and improvement projects required for the 
units and associated infrastructure to continue to operate reliably. The increase in the 
scope ofthese projects will require more comprehensive planned outages. 

Fossil fuel generating units have traditionally been designed for a thirty to forty yem life. 
Due to escalating construction costs, difficulties in securing new sites, new advances in 
technology, and regulatory requirements, utilities have recognized the economic and 
generating system advantages of continuing to operate existing plants. To maintain a 
reasonable level of reliability, more equipment repairs and upgrades are required due to 
the aging ofthese existing generating units, especially those subjected to higher levels of 
cyclic duty. 

The ages of the HECO units have been a factor in the lower EAF and higher EFOR in the 
HECO plants in the last two years. HECO is undertaking a significant program to 
modernize their major plant equipment, which has required significant outage time. 
Generating units are made up of very complex systems and equipment that wear and tear 
at different rates as they age. Older mechanical and electrical equipment is prone to 
break down more frequently than newer equipment. Also, acquiring replacement parts 
for older equipment has become more challenging due to obsolescence. Substitute pmts 
are often "reverse engineered" by parties other than the original equipment manufacturer 
(OEM). This may require several iterations to refine the design. This can increase the 
amount of time a unit remains out of service, thereby increasing the EFOR statistic. One 
example is the Waiau Unit 3 outage which required two outages (a planned outage of 18 
weeks and a forced outage of 10.5 weeks) to correct a design flaw in the replacement 
condenser waterbox. 

3. Operating duty 

The outlook back in 2002 recognized that the reduced reserve capacity caused by 
growing demand would have an impact on unit outages (such as longer duration outages 
and increased scope of repairs). However, the impact on outages and outage scheduling 
for the generation fleet as a whole was underestimated. 
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The consequences of a higher duty cycle (i.e., running units harder) increase as a unit 
ages, because the older units, over time, become less efficient than the newer units. 
When the non-reheat steam units were first installed on the HECO system, they started 
out as base loaded units because they tended to be the largest and most efficient. Over 
time, newer, larger and more efficient units were added to the HECO system (i.e. the 
reheat steam units). The reheat units then became the baseloaded units, leaving the 
relatively less efficient non-reheat units to cycle. As a consequence of this change in 
their mode of operation from baseloaded (when they were new) to cycling (when they 
were older), wear and tear on equipment increased as the units got older. 

Please note that the HECO baseloaded reheat steam units are also impacted by daily 
minimum loads on their respective auxiliary equipment. This is attributed to the addition 
of IPP baseloaded capacity in the early 90's that required HECO baseloaded units to 
share the minimum load with IPP baseloaded units. Due to the relative differences in 
efficiency between the HECO reheat units and the IPP units, HECO baseloaded units are 
operated down to their respective minimum loads to meet system requirements while IPP 
baseloaded units operate close to their maximum output. In order to operate safely at 
minimum loads, HECO baseloaded units must cycle (on/off operation) critical auxilimies 
on a daily basis. This mode of operation increases the wear and tear on critical 
auxiliaries and increases the potential for breakdown and subsequent operation with a 
derating. 

The increase in on/off cycling of HECO's two peaking units and six non-reheat units is 
evidenced in the increase in total service hours. Both trends indicate a significant 
increase in system demand since 2002 similar to the late 80's, and before 406 MW of 
additional capacity was added by the IPP's in the early 90's. 

4. Human Factors 

Human factors impacting HECO's situation includes an aging workforce, a tight labor 
market, and the need for outside contractors. The loss of experienced workers from an 
aging workforce is an industry-wide problem as workers retire and leave with their 
wealth of knowledge and experience, especially on the older units. Formal training 
alone is not sufficient to transfer the knowledge that comes with experience. 

Hawaii's robust economy has made it difficult to find qualified employees in both merit 
and bargaining unit positions. Maintenance is particularly impacted with the short supply 
of qualified engineers and trades and crafts journeymen. While outside contractors are 
utilized to supplement HECO's labor workforce, for health, safety mid environmental 
reasons, their numbers are limited by the ratio of contractors to employees. 

Not withstanding the human factor challenges raised above, HECO has taken steps to 
mitigate the reserve capacity and unit reliability issues by continuing to add operational 
staff to allow 24x7 operation on all generating units. Also, efforts continue to increase 
the maintenance staff capability to meet the diversified demands of the fleet. The 
additional maintenance staffing enhance maintenance flexibility and capability by 
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allowing more maintenance to be performed during off peak hours, more work within a 
scheduled outage, and potentially resulting in shorter duration outages. 

5. Environmental, safety and other regulations 

Significant resources are needed to comply with increasingly stringent environmental and 
safety compliance requirements impacting the operation and maintenance of HECO's 
generating units, the disposal of wastes generated from the process, and the assurance of 
employee and public safety. 
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3 MAINTENANCE BACKGROUND 

This section provides a description of the history and strategy of the HECO maintenance 
program. This discussion provides historical perspectives on the HECO strategy for maintaining 
their generation assets as well as describing the recent efforts to improve the condition of the 
plant to adapt to the current needs. 

3.1 Historical Perspectives 

The maintenance strategy for the HECO generating units is governed by operating permit 
requirements, risk management requirements, reliability needs, and environmental and safety 
compliance requirements. The age of the units is another factor that impacts the scope of 
maintenance. 

The HECO steam generating units were designed and commissioned as baseloaded units. 
Today, the age ofthese units vary from 24 - 56 years with an average age of approximately 49 
years, and the operating requirements of the units have changed. The maintenance approach for 
the HECO generating units over the past 35 years is summarized below to describe the care 
regime for the equipment. The information for developing the historical perspective is based on 
Reference 2 as well as discussions with the HECO staff. 

General 

Power plants are made up of thousands of pieces of equipment, controls and infrastructure, and 
every component that makes up a power plant wears and/or fails at a different rate. Maintenance 
is performed to inspect, restore and/or repair worn or broken pieces of equipment to maintain 
operating performance and reliability. As a power plant and associated infrastructure age, the 
scope, cost and schedule to maintain each component becomes more complex and dynamic. 
Unit outages are constantly being prioritized to accommodate required repairs within the 
operating reserve margins at the time. 

Reliability and efficiency of HECO's assets me managed through a complex process of 
identifying, categorizing, prioritizing and planning work. Work that requires an outage to repair 
falls into one of three categories - Planned Outages (overhauls planned yems in advance). 
Maintenance Outages (planned days to months in advance), and Forced Outages (immediate 
action required). Certain types of operational maintenance may be performed with the unit in 
service (i.e., an outage is not required), and may include routine maintenance and inspections 
(i.e.. Preventive Maintenance and Predictive Maintenance) and repairs that may be implemented 
while on redundant equipment or while the unit is derated to isolate the subject equipment being 
worked on. 
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Planned outages, (or overhauls,) are time driven and planned years in advance. These outages 
are driven by the overhaul of major equipment. For the steam units, the timing of overhauls is 
usually driven by the need to perform a boiler internal inspection to renew the boiler operating 
permit. For the combustion turbines, planned outages are primmily driven by projected service 
hours or the number of startups. Planned outages are relatively long duration outages lasting 4 to 
12 plus weeks depending on the scope of the overhaul. Scope of work during an overhaul 
normally includes shutdown-required maintenance backlog work, necessary equipment 
refurbishment. Original Equipment Manufacturer/Industry recommendations, superheater and 
high-energy piping assessment studies, and long lead items identified for correction at future 
outages. 

Maintenance outages are short duration outages generally lasting several days to several weeks. 
These types of outages are scheduled when system conditions permit the loss of capacity while 
repairs are in progress. Maintenance outages do not require an immediate shutdown; however, 
shutdown delays generally exacerbates the unit's "risk" condition, i.e., performance may 
deteriorate and cost for repairs may increase. While the unit is down for corrective repairs, other 
less critical shutdown-required backlog items are included in the scope if time permits and if 
needed parts and materials me available at the time of the outage. Another characteristic of a 
maintenance outage is that these types of outages me generally not forecast very far in advance. 

Forced outages are immediate, unplanned outages where the unit is either automatically (i.e., 
protective relay trip) or manually (i.e., operator initiated) shutdown depending on the nature of 
the problem. This is the most costly outage where diversion of resources is immediate, 
parts/materials/services may or may not be readily available, repairs me performed to completion 
(high labor overtime and penalty cost), and operation of less efficient cycling and/or peaking 
units may be required to meet system load demands. Other less critical shutdown-required 
backlog items are included in the scope if time permits, and if the necessary parts and materials 
are available at the time of the outage. 

Operational maintenance is distinguished from outage maintenance in that it does not require a 
unit shutdown, but may involve planned and unplanned work that requires a unit derating, where 
the unit is able to continue operations at reduced capacity while repairs and/or maintenance me 
performed. Operational maintenmice includes three categories - Routine, Unplanned, and Other 
maintenance. 

• Routine maintenance includes work on equipment that is generated through preventive 
maintenance (time based) and/or predictive maintenance (condition based) activities. 

• Unplanned maintenance often involves derating of the unit to perform corrective 
maintenance to repair or replace equipment that failed in operation. Unplanned 
maintenance may be routine if it has been previously performed at the plant or if it is 
considered routine for the industry. 

• Other types of maintenance include infrastructure repairs, grounds keeping, and repairs to 
portable tools and equipment used to maintain the generating assets. 
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HECO's approach to performing maintenance of their plants is consistent with the industry 
approach. The strategy employed by HECO has been developed based on the operating strategy 
of their generating assets. The maintenance strategies employed over the past 35 years are 
discussed below. 

1970's 

The maintenance approach for the generating units in the 1970's was predicated on the 
following: 

• Units were operated as originally intended (baseloaded, cycling and peaking units). 

• Overhauls of the major equipment items were scheduled at: 

o Boilers every 2 yems 

o Turbine and generators (combined) every 6 years 

The typical overhaul schedule required outages ranging in duration from 3 weeks 
(boilers) to 8 weeks (turbine / generators). There were annual boiler overhauls at Kahe in 
the late 1970's to perform boiler tube repairs, but the normal 2 year interval overhauls 
were resumed in 1980. 

This maintenance strategy was consistent with the intended operation of the units and provided 
for effective maintenance practices to keep the plant equipment in good operating condition. 
These outage intervals and durations were also consistent with general industry practice. At this 
time, there was sufficient capacity to meet the demand, reserve mmgin, and system stability 
requirements. 

1980's 

In 1981, the last HECO generation unit, Kahe 6, was constructed and commissioned for 
operation. During the 1980's, load demand was high and there was a premium for keeping the 
units available and running. The response to this high demand scenario changed the operating 
environment and required outages of shorter duration. This was accomplished by defining 
shorter outages with a smaller scope (instead of the previous longer overhaul outages). One of 
the outcomes was to separate the turbine and generator major overhaul outages into shorter 
duration component overhauls. 

Also, during the late 1980's, HECO decided to secure additional firm generation for the system 
from Independent Power Producers (IPP's). HECO negotiated long term Power Purchase 
Agreements (PPA's) with several IPP's for additional generation capacity (beginning in the early 
1990's). The IPP generating units were designed to operate as baseloaded units. 
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During the mid to late 1980's, all available units were run with a heavier duty cycle as rapidly 
growing demand placed pressure on reserve capacity, and maintenance was streamlined to 
accommodate the high demand. However, HECO maintained a very high equivalent availability 
factor and lower than industry average equivalent forced outage rate. 

Also, with the negotiation of significant IPP capacity contracts in the works, several HECO 
cycling units and the combustion turbine units were scheduled for retirement within the next 15 
years. In anticipation of unit retirements, the maintenmice strategy was changed on those units to 
reduce the maintenance scope (or for some equipment, run to failure), and identify equipment 
and parts that could be effectively used on other similar units to maintain reliability. 

1990's 

During the early 1990's, over 400 MW's of baseloaded IPP capacity was added to the HECO 
system in just three years - 1990 to 1992. The operation ofthese IPP plants had a major impact 
on the operation of the HECO generating units and therefore, on the maintenance strategy. The 
key items affecting the operating and maintenance strategies during the first half of the 1990's 
were: 

• With the addition of significant IPP capacity to the HECO system in the early 1990's, the 
smaller and less efficient HECO cycling and peaking units were not required to run often 
to meet demand and satisfy spinning reserve and quick load pickup requirements. This 
resulted in very low service hours, high EAF and low EFOR because the units were kept 
on standby. Maintenance intervals during the first half of the 1990's were still based on 2 
year boiler inspections and 6-7 yem turbine/generator inspections for steam units, and 2-
year combustor inspections, 4-year hot gas path, mid 8 year major overhauls for the two 
combustion turbines at Waiau. Typical streamlined maintenance included extending the 
turbine and generator overhaul intervals on selected units from 6-7 years to 9+ years 
based on future run time estimates; and changing the types of inspections to allow for 
simpler, less time intensive inspections. 

• Major controls upgrade projects on the HECO units were accelerated in response to new 
operating conditions with the addition of baseloaded IPP units. Major boiler combustion 
control upgrade and burner adjustment programs were implemented on the HECO 
baseloaded units to mitigate operational issues at minimum load. Also, the cycling and 
peaking unit controls were upgraded due to obsolescence. 

• Operation staffing was reduced on several units since they were in less operational 
demand (reduced operating hours). The staffs at Honolulu 8 and 9 and Waiau 3 and 4 
were reduced from 24 / 7 to 16/5 operation. 

• Boiler operating permit renewal intervals were extended from a 2 year cycle to a 3 year 
cycle reflective of lower operating hours and a thorough review of HECO's maintenance 
practices. 
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During the mid-1990's a 20-year overhaul schedule was prepared taking into account, boiler 
permit interval extensions from 2 years to 3 years; expansion of the DCS control upgrade 
program; successful turbine cylinder crack repairs and crack mitigation measures; generator 
refurbishment; projected application of predictive maintenance technologies; etc. 

As HECO entered the 2000's, the maintenance program continued to reflect the intended 
operations strategy based on fewer operating hours for the HECO owned cycling and peaking 
units. Beginning in 2003, cycling and peaking unit operating hours noticeably increased to the 
point where all available generating units were being operated. Also during this period, 
unanticipated problems were discovered in several cycling units that resulted in extensive repairs 
and long duration outages. The problems were indicative of the age of the units and the heavy 
duty cycle primarily due to rapidly increasing demand. The next section will discuss 
maintenance strategy mid actions since 2000. 

3.2 Methods of Improving Equipment Condition 

In recent years, the potential for a reserve mmgin "crunch" has been recognized. HECO has 
undertaken a significant number of actions in response to this potential scenario. These actions 
have been described in Section 2. However, relative to the maintenance strategy, HECO has also 
undertaken several key actions. These actions are consistent with the need to maintain high unit 
availability and to minimize forced outages. It is important to note that the change in 
maintenance strategy was not designed to and did not increase capacity of the HECO units. 

Significant changes to the maintenance strategy employed by HECO in the 2000's are: 

• Development of a maintenance basis: HECO developed a maintenance basis for its 
equipment based on latest industry information provided by EPRI and vendors. This 
maintenance basis provides for a defined strategy of corrective, time-based (preventive) 
and condition-based (predictive) maintenance tasks for the various equipment items to 
ensure proper maintenance. 

• Performance of major equipment overhauls to maintain generating unit reliability: 
HECO has scheduled and performed major equipment repairs to maintain the reliability 
of the plants in response to the increase in operating service hours and to mitigate 
potential reserve margin shortfall situations. The objective of performing major 
equipment overhauls is to maintain plant availability, reliability, and compliance. Key 
actions include: 

o Since 2002, major equipment overhauls and projects have been scheduled, 
completed or are in progress on all generating units. Major projects, such as 
control upgrades and generator rewinds have been performed or are scheduled as 
part of the maintenance strategy. 
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o Vendor alliances with specialty shops capable of quick turnaround of reverse 
engineered turbine and generator parts me examples of mitigating the dependency 
on high cost, long lead OEM items. 

• Application of technology and continuous improvement: HECO has invested in the use 
of new technology and continuous improvement programs to provide for better data 
collection and decision making regarding plant performance and maintenance. Key items 
include: 

o HECO's Predictive Maintenance (PdM) Program is a process improvement 
focused on balance of plant and turbo-machinery. The PdM Program is a 
significant multi-year accomplishment that took teamwork and discipline to 
achieve. 

o HECO's Boiler Reliability and Optimization ("BRO") Program is a process 
improvement focused on boiler tube failure evaluation and repair that has elevated 
HECO's industry ranking to "world class" status according to experts from EPRI. 
BRO is a significant multi-yem accomplishment that took teamwork and 
discipline to achieve. 

o The application of state-of-the-mt instrumentation mid software to track and 
monitor the operating performance of HECO's steam generating units on a real 
time basis. This applied technology has proven invaluable in troubleshooting the 
root causes of performance degradations and forced outages. 

o Boiler control upgrades continue to expmid the capabilities of the process controls 
and improve the mmi-machine interface to provide operators with data and 
information in a user friendly format. 

o Non-destructive diagnostic instruments like articulating video probes combined 
with ultrasonic shear wave technology allow detailed mapping of turbine cylinder 
cracks for future crack propagation monitoring and analysis. Application of this 
technology will allow more frequent monitoring of turbine cylinder crack 
propagation and minimize the need for disassembly. 

o An automatic paging and cell phone system immediately notifies key 
management personnel of a system wide frequency depression situation. This 
technology significantly reduces the time necessary to notify incident responders. 
This in turn reduces the time required to troubleshoot and fix the problem to 
minimize reliability impacts. 

HECO's maintenance and reliability program continues to adapt to its current operating 
environment. The actions taken are enabling HECO to maintain reliable operation of the 
existing generating assets. The following section describes the assessment of the maintenance 
and outage management programs, and the identification of potential opportunities for 
improvement such as finding new ways to shorten outages and reduce the need for outages. 
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4 ASSESSMENT RESULTS 

The assessment performed for HECO addressed the scope of work provided in Section 1.2. This 
section is prepared in several parts. The first part presents the results of a benchmmking study to 
assess HECO's performance relative to its industry peers and to identify potential areas for focus 
in its maintenance and outage management programs. The second part provides the observations 
identified from the interviews around maintenance and outage management practice. The third 
section describes potential candidate actions for HECO to consider that may provide 
improvement of its maintenance and outage work. 

4.1 Benchmarking 

4.1.1 Summary 

The Hawaiian Electric Company requested an assessment of its Power Supply operations, 
maintenance and outage management programs with an interest in evaluating the recent 
perfonnance of the generating fleet. This assessment included the performance of a benchmmk 
analysis against industry peers. The goal of this benchmarking study is to serve as a guide in 
evaluating and comparing statistical performance of the HECO fleet to their industry 
counterpmts. Several key observations from this benchmarking study are: 

• HECO's fleet performance has been consistently better than industry average relative to 
Equivalent Availability Factor (EAF) and Equivalent Forced Outage Rate (EFOR). The 
EAF is defined as a percentage that represents the availability of the full capacity of the 
generating units whether they operate or remain available on standby. The EFOR is a 
percentage that represents the sum of the equivalent full load outage durations for each 
unplanned unit derating and all unit hours lost due to forced (unplanned) outages or 
forced reductions in capacity. 

• Fleet-wide performance degradation has occurred in recent years, indicated by decreasing 
EAF and increasing EFOR. 

• As a result of HECO's increased demand, fleet-wide Net Capacity Factor (NCF), the ratio 
of actual net generation to maximum net generation, has increased and is significantly 
above industry levels. This is another way of verifying that HECO generating units me 
fully utilized mid running very hard. 

• The number and duration of planned and maintenance outages have increased over the 
past five (5) years in an effort to increase the availability and reliability of the generating 
units. However, this has not yet resulted in a decrease in forced outages mid deratings. 
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The duration of boiler overhauls has been significantly higher than the industry average. 
The purpose of this has been to allow sufficient time to complete expanded scope of 
inspections and maintenance. However, the trend of increasing duration of planned and 
unplanned events also increases the probability of dealing with multiple and simultaneous 
unit outages (i.e., stacked outages) that reduce available generation capacity. Re
evaluating this strategy may provide additional opportunities to improve EAF and EFOR. 

Forced outages and deratings have increased significantly in the last five (5) yems, 
especially deratings due to reserve capacity shortfall concerns. This contributes to 
performance degradation as units are required to run longer instead of having the 
flexibility to schedule an outage when maintenance resources can be optimized to 
perform repairs. 

HECO still compares favorably to the rest of the industry on a system-by-system basis 
when it comes to EFOR despite the recent trends in forced outages and deratings. The 
increase in EFOR is attributed to the relatively high NCF that HECO units operate 
compared to peers. 

A large amount of HECO's EFOR comes from deratings caused by equipment failure or 
degradation in several key systems. To evaluate these systems more completely, to 
determine causes, and to identify candidate preventative measures, additional detailed 
information must be "captured" when documenting these events. Suggestions for 
improving event reporting within the NERC GADS database include: providing unique 
event numbers for each event or incident, including component identification data for 
each event, and reviewing past unclosed events labeled "being investigated" to document 
whether the correct root causes have been identified. 

4.1.2 Benchmarking Analysis 

Benchmarking Overview 

ESI conducted a benchmarking analysis in which the HECO generation fleet was evaluated to 
determine recent trends in generation and to assess overall performance through comparisons 
with similar generating units within the industry. This analysis was intended to identify areas of 
excellence, as well as potential performance improvement opportunities within the HECO fleet. 

Definitions and Terms 

In the electric power industry, there are a number of key metrics that are used to evaluate the 
performance and output of a generating fleet and also specific generating units. These metrics 
help to explain a unit's ability to generate its product, the amount of product it actually generates, 
and adverse conditions that prevent product generation. Some of the metrics which will be 
discussed in the following analysis are listed below. (For a definition ofthese metrics, please 
review to Appendix A, Glossary of Terms.) 
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• Net Maximum Generation 
• Available Generation 
• Actual Net Generation 
• Unavailable (Lost) Generation 
• Planned Events - Planned Outages (PO) and Maintenance Outages (MO) 
• Forced Events - Outages (FO) and Deratings (FD) 
• Equivalent Forced Derating Hours (EFDH) 
• Net Capacity Factor (NCF) 
• Equivalent Availability Factor (EAF) 
• Equivalent Forced Outage Rate (EFOR) 

Peer Group Selection 

The HECO power generation fleet comprises three (3) power plants and sixteen (16) individual 
generating units. Fourteen (14) of the units are steam electric units and two (2) units are 
combustion turbines. All of the steam electric generating units follow similar design criteria in 
terms of turbine-generator classification, primary fuel, size, loading profiles, and system 
operating designs. This uniformity was used to establish a peer group with the following set of 
criterion: 

MW Rating: 0-200 MW 
Priinaiy Fuel: Oil-fired 
Primary Turbine-Ge-nerat&r: Steam 
Circulation Type: Natural 
Cooling Water Type: Salt 

This peer group pertains to the following HECO units: 

Honolulu 8 
Honolulu 9 
Waiau 3 
Waiau 4 
Waiau 5 
Waiau 6 
Waiau 7 
Waiau 8 
Kahe 1 
Kahe 2 
Kahe 3 
Kahe 4 
Kahe 5 
KaheB 

The HECO fleet relies on the production from its steam turbine generation units and two simple 
cycle combustion turbines (CT). The steam units consistently combine for over 99% of the total 
fleet's output. Between 2001 and 2005, the stemn units produced over 23.3 million MWh 
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compared to just over 300,000 MWh produced by the CT units. Due to this situation, this 
analysis will generally focus on the steam turbine generation fleet. 

The benchmarking exercise began by using industry data provided by the North American 
Electric Reliability Council's (NERC) Generating Availability Data Systems (GADS) services. 
Seventeen (17) non-HECO units were identified and established as mi industry peer group. The 
performance statistics for this industry peer group were calculated independently of the HECO 
data and were used to compare the performance of the HECO steam electric units. It should be 
noted that the industry peer group does not include any generating units from the Maui Electric 
Company and the Hawaii Electric Light Company. 

It should also be noted that both Waiau Units 9 and 10 are considered separately. Waiau 9 and 10 
are both simple cycle combustion turbine (CT) units. Waiau 9 mid 10 are used primarily to meet 
peak demand during high load periods and also to providing on-line spinning reserve. When 
necessary in this analysis, these units are compared to their own peer group comprising 
comparable CT units. 

HECO Fleet Evaluation and Analysis 

Determining how well the fleet has performed in recent years and what, if any, improvement 
opportunities are available is of primary interest in the HECO fleet analysis. 

We begin by comparing and contrasting the performance of the fleet and individual generating 
units with respect to peers within the industry. Two insightful metrics used in the electric power 
industry are the Equivalent Availability Factor (EAF) and Equivalent Forced Outage Rate 
(EFOR). The former indicates the power supply potential of the fleet, plmit, or unit in question 
while the latter illustrates the lost supply potential due to equipment and/or operational failures. 

ESI observed that, over the past two (2) decades the HECO steam fleet has performed 
exceptionally well compared to industry averages in both ofthese categories (see Figures 6 and 

7). 
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Hawaiian Electric Company Power Supply 
Steam Turbine Generation Fleet: Equivalent Availability^ Factor 
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Figure 6: Equivalent Availabilitj Factor (EAF) of HECO's Steam Fleet 

Hawaiian Electric Company Power Supply 
Steam Turbine Generatioo: Equivalent Forced Outage Rate 
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Figure 7: Equivalent Forced Outage Rate (EFOR) of HECO's Steam Fleet 

While HECO has achieved better than average performance with respect to each ofthese two 
metrics, a trend worthy of note has developed in recent years. As seen in Figures 6 and 7, 
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availability and reliability have been decreasing within the past five (5) years, which is indicated 
by a decline in EAF and an increasing EFOR. Note: 2003 data for the industry peer group 
contains anomalous data for three units not included in 2002 and 2004. Thus the dotted line is a 
better indicator of the industry trend for these years. 

This trend is further illustrated in Table 2, which shows a comparison of HECO's steam fleet 
EAF - as well as each individual unit - to the industry average. The table entries in italics 
indicate units which performed below industry average for that particular year. The far right 
column in the table indicates the percentage change in 2005 EAF from its 2001 value. The 
shaded cells in this column indicate a loss in EAF during this period. 

Table 2: Annual Equivalent Availability Factor (EAF) of HECO's Steam Units 

Equivalent Availability 
Factor (EAF) 

Industry 
HECO Steam Fleet 

2001 
83.76% 
92.64% 

2002 
81.93% 
90.15% 

2003 
73.88% 
87.97% 

2004 
85.27% 
86.46% 

2005 
N/A 

84.88% 

% Change 
2001-2005 

N/A 
-7.76% 

H8 
H9 
K1 
K2 
K3 
K4 
K5 
K6 
W3 
W4 
W5 
W6 
W7 
W8 

87.78% 
95.51% 
98.12% 
81.97% 
76.94% 
97.45% 
98.66% 
97.64% 
98.44% 
85.55% 
96.96% 
80.32% 
96.06% 
94.69% 

98.35% 
88.38% 
83.04% 
98.94% 
99.04% 
88.72% 
95.20% 
73.30% 
97.12% 
97.08% 
68.62% 
95.10% 
93.49% 
95.35% 

37.39% 
69.27% 
96.14% 
96.88% 
87.93% 
87.95% 
95.06% 
92.83% 
90.10% 
92.59% 
74.60% 
97.48% 
85.71% 
98.42% 

90.98% 
99.46% 
94.76% 
96.89% 
89.81% 
90.77% 
65.25% 
92.66% 
55.71% 
89.86% 
91.06% 
94.43% 
95.16% 
72.18% 

98.99% 
89.25% 
91.44% 
73.57% 
87.66% 
94.75% 
88.89% 
73.23% 
63.92% 
97.08% 
96.03% 
72.46% 
93.97% 
73.63% 

11.21% 
-6.26% 
-6.68% 
-8.40% 
10.72% 
-2.70% 
-9.77% 

-24.41% 
-34.52% 
11.53% 
-0.93% 
-7.86% 
-2.09% 

-21.06% 

However, the HECO generation fleet has a major distinction that few, if any other, generation 
fleets must deal with. The major distinction is its lack of backup capacity from the national 
electric grid. If a utility in the continental U.S. experiences a capacity shortage, they have the 
ability to purchase power from neighboring power producers through wholesale transactions and 
the use of the national electric grid. Because of this, taking a unit offline for repair does not, for 
the most part, create a serious concern. While this is still costly for the parent utility, power can 
still be supplied to end-user. In HECO's situation, they are the supply to the electric grid on 
Oahu. If a capacity shortage occurs, rolling blackouts can ensue. In order to meet strict capacity 
requirements, HECO must keep as much capacity on emergency reserve (Quickload Pickup and 
Spinning Reserve) as the largest unit online (usually AES, Kahe 5 or 6). This can place a strain 
on HECO's generating fleet as well as the grid when a unit is forced off or derated. 

34 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 41 OF 84 

In the peer group established for HECO's steam fleet, less than half operate as base-loaded units. 
A base-loaded unit (designed with a reheater to improve its thermal efficiency) is intended to 
operate continuously and produce maximum power for the grid whenever it is available. 
Contrastingly, a cycling or peaking unit does not face the high load requirements experienced by 
a base-loaded unit. Cycling units ^ e used either as peakers (low efficiency simple-cycle 
combustion turbines) to satisfy seasonal peak power demands, or as a load-following power 
supply (lower efficiency steam units without reheaters) for supplemental power to meet output 
(MW) increments as demand fluctuates. 

There are a number of advantages and disadvantages associated with base-load operation of a 
unit. One obvious disadvantage is the limited downtime for equipment maintenance and repair. 
If a base-loaded unit's load is reduced, it immediately impacts the company due to higher fuel 
costs and lost power generation. Add the cost of repair and/or maintenance and the problem 
becomes amplified. In contrast, a p e e i n g or cycling unit has a much greater time frame for 
equipment maintenance and/or repair, as they regularly experience extended, predetermined 
downtime throughout the course of the year. 

Because of the load requirements on Oahu, each of HECO's stemn units is required to operate as 
a base-loaded or load-following unit - a distinction HECO's units have compared to their 
industry counterparts. The statistical results may be observed by HECO's unusually high 
capacity factor (see Figure 8). 
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Figure 8: Net Capacity Factor (NCF) of HECO's Steam Fleet 
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The information provided by Figure 8 is two-fold in nature. First, this figure clearly indicates 
that HECO's steam units run at consistently higher capacity factors than the industry peer group. 
Results on a unit-by-unit basis over the past five (5) years reinforce this fact. This can also be 
seen in Table 3 which shows each unit's Net Capacity Factor compared to the industry peer 
group average. 

Table 3: 5-year Average Net Capacity Factor (NCF) of Steam Units 

Unit 
K4 
K3 
W7 
K1 
K5 
K2 
K6 
W8 
Industry Average 
W6 
W5 
W4 
H9 
W3 
H8 

5 year NCF 
68.50% 
61.27% 
61.09% 
59.50% 
58.60% 
57.17% 
53.91% 
51.54% 
30.02% 
26.73% 
21.92% 
16.69% 
16.22% 
14.06% 
9.19% 

Many of HECO's units are running at nearly double the industry peer group average. This 
reflects the severe capacity strain placed on the entire fleet. Because HECO's supply and 
demand margin is so tight, every unit is required to contribute that much more to the power 
supply. This results in more stress and strain on the equipment and fewer opportunities for 
equipment maintenance and repair. Less than optimally-maintained equipment and increased 
stress and strain placed on the equipment creates a vicious and continuous cycle. 

Despite the high unit NCFs, the HECO generation fleet has exhibited excellent performance over 
the last twenty (20) years. Since 2001, every unit - with the exception of Waiau 3 - h a s 
experienced above-average availability, as can be seen by Table 4. 
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Table 4: 5-year Average Equivalent Availability Factor (EAF) of Steam Units 

Unit 
W7 
Kl 
W4 
K4 
K2 
K5 
H9 
K3 
W6 
W8 
K6 
W5 
H8 
Industry Average 
W3 

5 year EAF 
92.88% 
92.70% 
92.43% 
91.93% 
89.65% 
88.60% 
S8.3S% 
88.28% 
87.96% 
86.85% 
85.94% 
85.46% 
82.70% 
81.21% 
81.05% 

However, as stated previously, the information provided by Figure 8 is two-fold. The second 
aspect of this figure is that it shows a trend upwards in capacity factor. This reflects an 
increasing trend in the power demand. As demand increases, more supply will be necessary and 
less time will be available to repair and maintain equipment until adequate additional capacity is 
installed on the system. Optimization of operation and maintenance time will be imperative to 
ensure acceptable fleet performance. 

HECO Fleet - Planned and Un-Planned Event Analysis 

The next step of this review is to examine the various aspects of power generation that would 
account for the recent trends in capacity, availability, and reliability. 

Forced Outages are classified by NERC as unplanned component failures or other conditions that 
require the unit to be removed from service immediately (Ul), within six hours (U2), or before 
the end of the next weekend (U3)). Forced Deratings are unplanned component failures or other 
conditions that require the load on the unit be reduced immediately (Dl), within six hours (D2), 
or before the end of the next weekend (D3)). Maintenance Deratings are removal of a 
component for scheduled repairs that can be deferred beyond the end of the next weekend, but 
requires a capacity reduction before the next planned outage (D4). 

The immediate concern with Hawaiian Electric Company's power supply involves increasing 
EFOR. From 2001 to 2005, the generation lost to Forced Outages increased over 405%, rising 
from just over 156,000 MWh of lost generation in 2001 to over 791,000 MWh in 2005 (see 
Figure 9). During this time period, an effort was made to curb this trend through the execution 
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of Planned Outages (removal of a unit from service to perform work on specific components that 
is scheduled well in advance and has a predetermined start date and duration (e.g., annual 
overhaul, inspections, testing (PO)) and Maintenance Outages (removal of a unit from service to 
perform work on specific components that can be deferred beyond the end of the next weekend, 
but requires the unit be removed from service before the next planned outage - they may occur 
any time during the year, have flexible start dates, and may or may not have predetermined 
durations.(MO)). These events were designed to allow sufficient time to thoroughly troubleshoot 
and repair problematic equipment in order to reduce the failure potentials in the future. 
However, power plmits ^ e made up of very complex systems and components that wear at 
different rates. While repairs to major components were successful, other problems surfaced as a 
result of running the units harder. Even with the best efforts to identify and repair known 
problems, unanticipated problems resulted in an overall increase in lost generation. Therefore, 
the increase in planned, preventive activity did not yield a corresponding reduction in forced 
losses. 

Hawa i i an Electr ic C o m p a n y Power Supply 
2001 2005 Lost Generation: Planned v. Unplanned Events 
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Figure 9: Annual Lost Generation of HECO's Fleet 

As Figure 9 illustrates, the trend has shown an increasing EFOR despite a significmit investment 
in outages and overhauls. Both planned and unplanned events have increased since 2001. Of 
particular interest is the EFOR contribution compared to planned maintenance lagged one year. 
For example, over 1,000,000 MWh of generation were spent on preventive maintenance 
activities in 2003 - over 4 1 % more than was dedicated in 2001; yet, in 2004 lost generation due 
to forced events climbed to a high of over 528,000 MWh and then even further to over 791,000 
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MWh of lost generation in 2005. With all else being equal, one would expect to see an inverse 
relationship between planned maintenance activity and EFOR-based maintenance activity. 

After careful examination of the maintenance activity during 2004 and 2005, HECO experienced 
two (2) significant equipment failures - one at Waiau 8 and one at Waiau 9 - that, had they been 
averted, would have changed the results of Figure 9 by reducing the lost generation due to forced 
outages in both 2004 and 2005. Also during this same time period, overhauls at Kahe 5 and 
Kahe 6 were more extensive due to the replacement of the boiler control systems. Because of 
the atypical nature ofthese events, a "normalized" version of Figure 9 is presented in Figure 10. 
The "normalized" view of Figure 10 has the atypical occurrences at Waiau 8 and Waiau 9 in 
2004 and 2005 removed, and the boiler overhauls at Kahe 5 and 6 during 2004 and 2005 reduced 
by a factor of one-half to represent an estimation of lost generation due to these planned 
activities. 

Hawai i an Electr ic C o m p a n y Power Supply 
2001 2005 Lost Generation: Planned v. Unplanned Events 

Normalized for 2004 and 2005 Events at Waiau 8. 9 and Kahe 5. 6 
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Figure 10: Annual Lost Generation of HECO's Fleet Normalized 

Even after adjusting for these anomalous events in 2004 and 2005, the trend of increasing 
planned maintenance activity and increasing EFOR-based maintenance activity is still present -
though to a lesser degree. Forced outages have been increasing on an annual basis since 2001, 
and forced deratings have become a serious issue in the past two (2) years. 

Next, the fleet was examined on a unit-by-unit basis to gain perspective on where these types of 
losses were most prevalent. Figures 11 and 12 provide these results and offer some insight into 
this situation. Figure 12 represents the data after adjusting for the anomalous events at Waiau 
and Kahe in 2004 and 2005. 
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Hawai i an Electr ic C o m p a n y Power Supply 
2001 2005 Total Lost Generation per Init: Planned v. Unplanned 
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Figure 11: Actual Unit-by-Unit Lost Generation of HECO's Fleet 
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2001-2005 Lost Generation per Unit: Planned v. Unplanned 
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Figure 12: "Normalized" Unit-by-Unit Lost Generation of HECO's Fleet 
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Figures 11 and 12 show that most of the lost generation comes from the Kahe 5 and 6 units -
which is expected to some degree considering the relative size of the units. However, with the 
exception of Kahe 3 and Waiau 3, the majority of HECO's generating units experience the 
majority of their lost generation due to planned maintenance activity, despite the fact that forced 
outages and unit deratings still remain a growing concern as indicated earlier. This prompted an 
investigation into the planned maintenance activity at HECO, specifically plmined outages 
involving boiler overhauls. 

Between 2001 and 2004, industry peers reported a total of 27 boiler overhauls: sixteen (16) were 
of the planned outage, major overhaul nature (constituted by being scheduled to last more than 
720 hours); six (6) were plmined outages, minor overhauls (less than 720 hours); and five (5) 
were maintenance outages (scheduled overhauls that occurred between planned outages). 
Between 2001 and 2005, the HECO steam fleet also experienced a total of 27 boiler overhauls: 
fifteen (15) planned outage, major overhauls; six (6) planned outage, minor overhauls; and six 
(6) maintenance overhauls. The data for these overhauls can be seen in Figure 13. 

Hawa i i an Electr ic C o m p a n y Power Supply 
Boiler Overhaul Durations: 2001-2005 
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Figure 13: Boiler Overhaul Durations 

As shown in Figure 13, from 2001 through 2005 HECO devoted significantly more time to 
planned boiler maintenance activity than their industry counterparts. The average peer unit spent 
approximately five (5) weeks off during major boiler overhauls; HECO units averaged 
approximately twelve (12). To gain a better perspective of this, the data on overhauls for the 
entire fossil-steam industry was also evaluated. These data covered 1,234 overhauls on 1,396 
fossil units. The results were very similar to the results for HECO's peer group - major boiler 
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overhauls averaged 761 hours per occurrence while minor overhauls and maintenance overhauls 
averaged 381 hours and 219 hours per occurrence, respectively. Whether the additional outage 
time will allow HECO units to extend the time interval between overhauls or, these longer 
outages were more thorough and as a result, more effective, was not clear. Additional 
investigation is warranted, as this information was not available for this study. The current 
outage strategies should be further evaluated for optimization. 

HECO Fleet - System Analysis 

One of the most detrimental situations is the occurrence of a forced outage or derating. As 
indicated earlier, HECO's generation fleet is no exception to this. To gain a better 
comprehension ofthese incidents within the fleet, individual systems were evaluated to 
determine the most problematic systems. Each forced event (Ul , U2, U3, D l , D2, D3, D4, and 
SF) between 2001 and 2005 was classified according to its respective system. The total lost 
generation due to each ofthese events was then summed for each system. The results of this can 
be seen in Figure 14. 
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Figure 14: Reported System-by-System EFOR Contribution of HECO's Fleet 

As with previous data, this is heavily influenced by the anomalous water induction forced outage 
at Waiau 8 during 2004. Also influencing this figure are some issues which involved other 
systems and equipment but were erroneously blamed on the boiler control systems at Kahe 3 and 
Kahe 5. Kahe 3 experienced capacity reductions due to plugged air heaters causing high furnace 
draft trips at high loads and Kahe 5 experienced an uncommon number of capacity deratings due 
to problems with boiler control valves, not the control system. "Normalizing" Figure 14 to 
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compensate for these occurrences resulted in Figure 15. Table 5 also illustrates the frequency of 
both forced outages and deratings attributed to each ofthese systems. 

Hawai i an Electr ic C o m p a n y Power Supply 
2001-2005 Lost Generation per System 
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Figure 15: "Normalized" System-by-System EFOR Contribution of HECO's Fleet 

Table 5: HECO - Number of Forced Outages and Deratings 2001-2005 
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As indicated by Figure 15 and confirmed by Table 5, a large portion of HECO's most significant 
EFOR contributions come from unit deratings. With the exception of the generators, boiler tube 
leaks and boiler internals and structures, HECO's units have experienced a disproportionate 
number of deratings. To get a better perspective of this, HECO's units were again compared to 
the industry peers. Figure 16 compares the average HECO steam unit during an average year 
(referred to as a unit-year) to the average industry unit-year. 
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Figure 16: HECO vs. Industry Average - System-by-System EFOR Contribution 

This figure has been normalized to exclude the anomalous events at Waiau 8, Kahe 3, and Kahe 
5. From this figure, it can be seen that HECO compares quite favorably to the industry average, 
which is indicative of HECO's high EAF statistics. Important to note, however, are the systems 
in which HECO has experienced greater lost generation than its industry counterparts. In these 
key systems - boiler control, feedwater, condensate, and circulating water systems - HECO has 
experienced a disproportionate amount of derating (see Figure 15) and number of derating events 
(see Table 5). From the event history, it was determined that many ofthese events were 
triggered by problems originating from pumps within the condensate, feedwater, and circulating 
water systems. An attempt was made to evaluate this situation further; however, the event 
histories contained insufficient detail concerning each ofthese individual events. To enable this 
type of evaluation in the future, modifications will need to be made to the event reporting 
process that would provide more in-depth information concerning each event. 
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4.2 Observations 

EPRI Solutions conducted an assessment of the HECO Power Supply operations, maintenance 
and outage management programs to determine whether there were potential improvements that 
could be made in those processes that would lead to improved EAF and EFOR performance. 
The assessment consisted of a review of pertinent documents and interviews of members of the 
maintenance, operations, planning, and engineering staffs. The results of the assessment are a 
set of comments and observations that provide the "raw data" for determining potential candidate 
actions for HECO review. This section of the report provides a description of the work 
performed as well as the comments and observations from the assessment. 

Assessment Overview 

The EPRI Solutions assessment was preceded by a benchmarking study that has been discussed 
in Section 4.1. The assessment was conducted in the following steps: 

1. A review of documentation related to maintenance and outages provided by HECO. 

There were several documents reviewed by the EPRI Solutions team during the course of 
the assessment. The document reviews were performed to identify current performance 
and to provide background into the HECO strategy. 

The documents reviewed included: 

• Adequacy of Supply Letter, dated March 6, 2006. 
• Rate Case Testimony, HECO T-6, DocketNo. 04-0113. 
• Actual and Projected Outage Plans 
• Capital Budget Plans 
• Capital Project Prioritization List 
• Corporate Strategy and Goals 
• Overhaul and Maintenance Summaries 
• Incident Action Plan Process 
• Performance Metrics 
• On-Going Initiative Information 

These items provided background information that assisted in further understmiding the 
current HECO situation, plans, and results. 

2. A series of interviews with persormel involved in all aspects of maintenance and outage 
plarming and execution. 

The interviews were conducted to identify current practices and to get the in-depth 
knowledge of how the maintenance and outage management processes are currently 
being conducted. EPRI Solutions relied on the EPRI Assessment Guideline as a basis for 
conducting the interviews. The Assessment Guideline identifies 19 key elements in the 
maintenance and outage management process, grouped into four ^eas . Each interview 
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did not necessarily address all of the elements; however, the elements relevant to a given 
individual's role in the orgmiization were covered. The 19 key elements are: 

• Management and Work Culture 
o Benchmarking 
o Goals / Business Plan 
o Organization 
o Leadership 
o Communications 
o Metrics 
o Accountability / Ownership 
o Continuous Improvement 

• Processes 
o Work Identification 
o Work Control 
o Work Execution 
o Work Closeout 

• People Skills / Human Resources 
o Training 
o Utilization 
o Human Performance 
o Qualifications 

• Technologies 
o Maintenance Management System 
o Maintenance and Diagnostics Technology 
o Information Integration System 

The EPRI Solutions team conducted over 30 interviews during a two-week period to 
identify comments and observations to be used as input in developing candidate actions. 
The interviews encompassed a full range of HECO stakeholders in the maintenance and 
outage processes. The interviews included persormel: 

• From the maintenance, operations, planning, and engineering groups. 
• From all of the HECO generating plants (Honolulu, Waiau, Kahe) 
• At VM îous levels within the organization. 

The interviews generally ranged from 30 to 60 minutes depending on the role of the 
interviewee and on the breadth of items on which they could provide input. These 
interviews provided some of the "raw data" used to develop candidate actions. 
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3. Development of Candidate Actions 

The interviews, document review and benchmarking analysis resulted in a set of "raw 
data" that was evaluated to develop candidate actions. This evaluation identified five 
common themes or focus areas used to group the candidate actions: 

• Scheduled Overhauls & Outages 
• Corrective & Preventative Maintenance 
• Organization 
• Technology Application & Analyses 
• Training 

The candidate actions are presented in Section 4.3 and Appendix B. 

4.3 Candidate Actions 

The candidate actions were developed based on the results of the benchmark study, 
documentation review, and interviews. The candidate actions were grouped into five focus 
areas: 

• Scheduled Overhauls & Outages 
• Corrective & Preventative Maintenance 
• Organization 
• Technology Application & Data Analyses 
• Training 

These focus ^eas provide for grouping of the c^ididate actions for evaluation by HECO. The 
list of candidate actions is provided in the table in Appendix B. Appendix B presents the 
candidate action along with its focus area; potential impact; affected HECO organization; 
supporting observations; and potential benefits of the candidate action. A summary of the key 
candidate actions by focus area is discussed in the remainder of this section. 

4.3.1 Scheduled Overhauls & Outages 

An efficient and effective outage management program is vital to the continuous improvement 
and long-term success of HECO's generating fleet. The current business and operating 
environments are challenging HECO to manage the cost and duration of planned outages and 
overhauls while sustaining overall system reliability. As such, it is necessary to optimize work 
task identification, prioritization, planning and scheduling. This requires defined processes for 
outage preparation, outage execution, and outage close-out. 

Outage preparation should adch^ess: 

• The determination of goals 
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• The identification and preparation of the work-scope 
• The planning and scheduling of the unit shutdown 
• The incorporation of lessons learned from prior outages 
• The preparation of work packages 
• Contingency planning 
• Material procurement 
• The identification of critical and/or significant milestones 
• Workforce organization and mobilization. 

Outage execution addresses: 

• Shutdown plan implementation 
• Configuration control 
• Performance monitoring 
• Schedule updates 
• Scope control and status reporting 
• Work execution 
• Budget adherence. 

Outage closeout adtkesses: 

• Document closure 
• Capture of lessons learned 
• Post-outage review 
• Disposition of lessons learned 
• Other continuous improvement suggestions. 

Based on the overall assessment, HECO generally expends a significant effort in preparing for 
maintenance outages and major overhauls. However, the success of the outage execution is 
heavily dependent on the accuracy of the identified scope of work, quality of the issued work 
packages, availability of a skilled and competent workforce, accuracy of supplied materials and 
pm^ts, and sufficient time to perform an effective operational shakedown and turnover. Outage 
closeout, however, is not suitably evaluated to identify successes, shortcomings and failures due 
to the stacking of outages and the lack of time between outages. 

Specific observations regarding scheduled overhauls and outages include the following: 

• There is no one fully accountable for the success of an outage. There is no one individual 
with authority to manage the outage and its outcomes. 

• Outage plmis are limited in defining performance goals and accountabilities. 
• There has been a recommendation to perform routine maintenance tasks on baseload and 

cycling units during the night (when units are at reduced load or shutdown). A question 
that merits evaluation is how much of the Preventive Maintenance work can be 
performed during this time frame. 
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• There is mi issue with "scope creep" - unplanned tasks that are identified after an outage 
starts. Potential causes include lack of identification of certain problems by operators, 
maintenance personnel and system owners prior to the outage. 

• The system owners have just completed the preparation of their first annual "state of the 
system" report. This report covered the equipment status on their systems at all of the 
power production facilities. However, no unit-specific "state of the system" reports are 
submitted for outage planning purposes at this time. 

• At the end of major overhauls or outages, the maintenance crew is expected to complete 
job cards with sufficient information to detail the work performed and the condition of 
the equipment after the completion of the work. The schedule demands on the travel 
crew due to stacking of outages and increased forced outages have resulted in a lack of 
thoroughness in the completion of job cards with sufficient information to provide 
appropriate status or to capture lessons learned. 

• There is insufficient communication between station maintenance and travel crews 
around condition of equipment before and after overhaul or routine maintenance tasks are 
performed. 

• There appears to be conflict between station and travel maintenance crews over the 
transition of work during and after a major outage. 

• Existing drawings and reference materials are not being effectively utilized to assist in 
outage planning and work execution. 

• There is limited measurement and evaluation of outage effectiveness (duration, 
productivity, cost, and resultant reliability) 

The specific candidate actions to address the observations above are summarized below. A 
detailed description ofthese actions is provided in Appendix B. 

Candidate Action la: Select and empower Outage Managers. Define a role that would provide a 
single point of focus and accountability for the conduct and performance (cost, schedule, 
completion of tasks) of an outage. The role would also involve responsibility for outage 
preparation and closure. 

Candidate Action lb: Improve outage plans. The outage plan (scope, schedule, and budget) 
should be prepared and serve as the Outage Managers handbook, record performance, and 
provide lessons learned. This plan can be used to track completion or status of planned tasks and 
modifications to the outage based on unforeseen work. 

Candidate Action 2: Perform an evaluation to distinguish equipment PMs requiring unit 
shutdown, unit deratings, and/or risks from those PMs having no operational impact. This will 
help to determine work and manpower requirements for the nightshift. 

Candidate Action 3: Improve preparation for outages to minimize or eliminate "scope creep" 
after outages begin. This involves effective identification and harvesting of issues from the 
operators, system owners creating unit-specific "state of the system reports" and resource 
planning to incorporate this feedback into the outage plan. When appropriate, a short pre-
overhaul shutdown can be scheduled to verify certain types of work and material needs such as 
inspections of air preheaters and ordering of replacement baskets. 
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Candidate Action 4: Ensure system owner unit-specific "state of the system" input to station and 
overhaul planners prior to outages. This candidate action is to provide for more effective 
preparation prior to an outage. This involves more effective use of the system owner to identify 
issues prior to the outage ("state of the system on a unit specific basis"), mid ability of planning 
to incorporate this feedback into the outage plan. 

Candidate Action 5: At the end of major overhauls or outages, the maintenance crews should 
complete job cards with sufficient "as found" and "as left" information to define the work 
performed and the condition of the equipment after the completion of the work. Require Travel 
and Station Maintenmice Craft to complete and sign-off on job cards. Both maintenance crews 
should complete job cards that provide information to station maintenance and planning with 
sufficient detail on the work completed. 

Candidate Action 6: Communications and turnover should be improved between the travel 
crews and station crews before and after outages and overhauls. The travel crew should provide 
detailed "as found" & "as left" data of equipment worked on to station maintenance after the 
major outages and overhauls. Additionally, the station maintenance staff should provide detailed 
"as found" and "as left" data of equipment worked prior to the initiation of the major outages mid 
overhauls. 

Candidate Action 7: Develop a guideline that clarifies roles mid responsibilities of operators, 
station maintenance and travel crew maintenance for "end of outage" operational check-offs and 
equipment hand-offs and for appropriately timing the transfer of travel crew to a new site in 
order to optimize "outage" to "non-outage" transitions that enable smoother unit start-up and 
ensures reliable operation following an outage. Specific actions me pre- and post-outage 
debriefs; improved post-maintenance record -keeping; stations crew involvement in major 
maintenance or overhaul activities to improve turnover; improved planning and record keeping 
on completed vs. incomplete tasks coming out of an outage; and operational checkouts and 
turnover. 

Candidate Action 8: The more effective use of drawings and references may improve planning 
for outages. While there has been significant effort to update documents, the effectiveness in the 
access and use of the documents could yield improvements in the ability to plan tasks and 
procure materials for outages. Specific actions include training on how to access drawings and 
references; and following an overhaul, reviewing as-built drawings, operating procedures, and 
other critical documentation for accuracy as well as updating as part of the outage closure 
process. 

Candidate Action 9: Develop an approach to measure outage effectiveness and define actions to 
improve. This is focused on improving the effectiveness of outages (schedule, scope, execution, 
cost, and operating performance/efficiency). There are recognized means to evaluate the return 
on investment of outages mid to improve their performance. 

The potential benefit opportunities from implementing these candidate actions are: 
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Improved preparations for outages to minimize or eliminate "scope creep" after outages 
begin. 
Improved planning, quality and productivity of outage and routine work execution 
through better use of reference and drawing materials. 
Improved outage planning and management (task completions, schedule and budget) 
Shortened outage durations. 
Improved tracking of completed and uncompleted maintenance tasks. 
Improved interface between the station and traveling maintenance crews to reduce 
rework or duplicated effort. 
Defining the boundaries of the duties of each work group and the "hand of f process will 
reduce potential rework, prevent unit deratings and / or forced outages after completion 
of an outage, and result in more effective utilization of staff. 
Accurate reporting of "as left" project, corrective maintenance, and preventive 
maintenance work and to capture items not completed. It will also allow for appropriate 
lessons learned and benchmarks associated with various tasks. This action should also 
result in a potential reduction in rework. 
Completion of identified maintenance tasks. 
Effective work management. 
Measurement of process effectiveness mid continuous improvement. 

4.3.2 Corrective & Preventive Maintenance 

As the electric power industry continues to evolve, pressures are being placed on plant 
organizations to reduce costs while maintaining or enhancing plant performance. This has 
prompted a drive to control operation and maintenance programs. The controlling of O&M 
programs includes the transition from reactive maintenance as the main strategy to a preventive / 
predictive maintenance strategy. World class facilities know that having the proper mix of 
maintenance strategies is the key to a cost-effective, enhanced maintenance program. HECO has 
been actively working with EPRI to make the transition to become more reliable. Specific 
observations regarding the corrective and preventive maintenance programs include the 
following: 

HECO's Power Supply Reliability Optimization (PSRO) initiative is designed to 
optimize unit reliability and production costs, but is still in the process of being 
implemented. HECO's PSRO Team meets weekly to keep implementation moving but 
several important but time-consuming challenges requiring additional management 
leadership must be overcome. 

A key deliverable of PSRO was the development of the maintenance basis for critical 
plant components. The maintenance basis provides an industry-proven set of 
maintenance, inspection, and surveillance tasks that ensure the equipments' reliability. 
One challenge the PSRO Team faces is that the maintenance basis has not been 
completely implemented. Potential causes for limited implementation include: 
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o A lack of manpower 
o Access to the equipment. To alleviate the situation, there has been action to 

initiate maintenance on the night shift when units me at reduced load and 
equipment can be made available. However, a question that should be addressed 
is how much of the PM work being deferred can be performed during the off-peak 
periods and how should the nightshift be staffed. 

o Inadequate deployment of resources or inadequate skill mix. 
o Unforeseen requirements that compete for manpower- the competition for 

resources between improvement projects, routine maintenance, forced outages, 
etc. 

• There are a Imge number of work activities identified as "high priority" to the station 
planners. This is resulting in too many "high priority" tasks and the inability to 
appropriately prioritize within the list of higher risk tasks. Potential causes of this issue 
are ineffective definition of task priorities, and lack of confidence that lower priority 
tasks will be performed. 

• The operators may not be as involved in performing all typical routine tests mid 
surveillances as they could be. 

The specific candidate actions to address the observations above are summarized below. A 
detailed description ofthese actions is provided in Appendix B. 

Candidate Action 10: Assign a full-time PSRO Project Manager to ensure more effective on
going implementation and to champion and drive the PSRO initiative. This assignment is not a 
corollary duty, but a full-time position to ensure that HECO gains the full benefits of the PSRO 
program. This slot should be filled for a minimum of one year and re-evaluated annually. 

Candidate Action 11a: Perform a maintenance task and resource assessment to more accurately 
determine the staffing level required to complete the identified work. This action will include a 
determination of maintenance tasks (and hours) required, the skill mix necessary to complete 
these activities, and an assessment against current staff levels to identify gaps. This result can 
serve as a baseline for the following general actions related to maintenance barriers and backlog 
review. 

Candidate Action 1 lb: Perform an assessment to better understand the barriers that me standing 
in the way of implementation of the maintenance basis, and define and expedite corrective 
action. Specific items for review include: staffing (levels, mix, deployment, and skills), the work 
management process, the effectiveness of work management tools, mid the ranking and 
prioritization of tasks. 

Candidate Action 12: Evaluate, select and apply a ranking and prioritization methodology for use 
in prioritizing preventive maintenance tasks, outage tasks, and capital projects. Method should 
evaluate reliability risk mitigation versus cost. This candidate action consists of utilizing some 
recent advances in risk assessment and prioritization to drive PM work based on its 
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effectiveness; thus, allowing discretion in performing the maintenance basis for tasks 
recommended for outages and unit deratings. 

Candidate Action 13: Review existing work backlog to reschedule, re-prioritize and/or purge the 
work to ensure that the backlog will not contribute to future EFOR. 

Candidate Action 14: Reassess work prioritization to provide for better delineation to assist the 
planners in identifying tasks for outages, operation, etc. This assessment should also include a 
root cause analysis to determine the cause of the large number of "high priority" items. 

Candidate Action 15: Define the requirements and ensure that operators are more involved in 
routine tasks on the units. This recognizes the opportunity to have the operators more actively 
pmticipate in some of the routine surveillance, inspection, and monitoring efforts. 

The potential benefit opportunities resulting from implementing these candidate actions me: 

• Improved work productivity 
• Gain the performance improvements (reliability and cost) from the investments in the 

maintenance basis and the PSRO program. 
• Improved reliability by performing the highest value maintenance tasks 
• Reduced requirements on the station maintenance staff through performance of routine 

tasks by operations staff. 
• Improved staffing levels and allocation of resources. 

4.3.3 Organization 

Excellence in human performance promotes behavior that supports safe, compliant, and reliable 
operation of the plant throughout the organization. Progress toward high human performance 
requires a work environment in which leaders routinely exhibit desirable behaviors and 
individuals respond in kind. Behaviors must be clearly defined, communicated, and reinforced. 
Peer pressure, open communication and positive reinforcement establish a culture in which 
individuals mid leaders working with appropriate organizational processes eliminate obstacles to 
human performance. This approach will reduce or even eliminate plant events caused by human 
error. Events are undesirable consequences that challenge the safety of employees, 
environmental compliance as well as generating capabilities. 

Processes and procedures need to be sufficiently detailed for a qualified person to perform the 
required task safely and efficiently with limited direct supervision. Requirements for verification 
or quality control inspection are considered and included as appropriate. Procedures and 
processes are applied where unit events are likely without them. Procedures me also applied to 
tasks that are complex, repetitive or have a large scope. Procedures that apply to like pieces of 
equipment should be standardized and used where applicable. The use of parts and materials 
conforms to procedures concerning procurement and material control. A process should be 
developed to ensure that operations mid maintenance personnel understand the importance of 
procedural compliance where applicable. They must also know the right steps to t ^ e if the task 
cannot be performed by the procedure as written or if they believe that the procedure is incorrect. 
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There appears to be the potential to redefine roles and responsibilities to improve the overall 
effectiveness of the HECO Power Supply organization relative to plant, operations and 
maintenance and outage management. There are several areas identified that affect the 
responsibilities and accountabilities within the organization. These areas include: 

• The superintendents, instead of the senior supervisors, appear to be taking the lead on 
resolving day-to-day plant issues. 

• The senior supervisors do not appear empowered mid in control of the overall plant 
performance. 

• The superintendents are not spending sufficient time on higher level management and 
supervisory activities due to the reactive nature of their current operations. 

• There does not appear to be a formal process for continual evaluation and prioritization of 
measures to minimize or eliminate negative impacts on EFOR and EAF. HECO 
subscribes to NERC-GADS but underutilizes the resulting data as a tool to guide and 
direct planning and decision-making. 

The specific candidate actions to address the observations above are summarized below. A 
detailed description ofthese actions is provided in Appendix B. 

Candidate Action 16: Provide more focused management leadership and accountability at power 
production facilities. Specifically, evaluate the need for Plant Managers or revisit means to 
empower the Senior Supervisors through more clearly defined roles and responsibilities. The 
definition of the authorities and responsibilities for management at the stations may provide a 
more defined set of roles, responsibilities, and accountabilities for decision making, inter
departmental communication, direction, etc. 

Candidate Action 17: Enable the Production Management Team to increase the day-to-day 
management and supervisory interface activities performed by the management team. The 
candidate action is focused on increasing their supervision and management time, and to reduce 
their time on other initiatives (which reduce their time with their personnel). This candidate 
action is aimed at providing improved priority-setting, coordination, cooperation, and training. 

Candidate Action 18: Establish a person (or work group) responsible for evaluating unit 
deratings and forced outages on a regular (perhaps quarterly) basis to identify causes through 
formalized root-cause analysis, trends, and to recommend appropriate actions. Perform these 
periodic unit EFOR / EAF assessments and root cause evaluations similar to those performed as 
pmt of the Heat Rate Monitoring Program. In addition, the System Owners should continue to 
prepare annual "state of the system" reports for the senior management team to provide for better 
decision making using this and other associated data. 

The potential benefit opportunities resulting from implementing these candidate actions are: 

• Improved plant performance through more effective management of the plant 
• Improved staff performance, accountability and utilization through more thorough 

interaction with the management team. 
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• A higher level of awareness of causes of EFOR and EAF degradation to drive more 
proactive decision-making with a goal to reduce unit deratings and forced outage events. 

4.3.4 Technology Application & Data Analysis 

Predictive maintenance (PdM) is a process designed to monitor the running condition of plant 
equipment; therefore providing early detection of emerging problems, enabling 
recommendations for modified continued operation or repairs to help mitigate the further 
degradation of the equipment. PdM integrates all of the available equipment condition data to 
enable timely decisions that fits into the maintenance planning and scheduling process. The PdM 
process requires input and participation from technical support, maintenance, operations and 
management personnel. Advanced technology such as automation, web-based computer 
applications, continuous and portable periodic condition monitoring, and computerized 
maintenance management systems, all directly support and streamline the workforce's effective 
utilization of the PdM process. Some opportunities exist to improve the utilization of existing 
technology applications and available information that HECO's Power Supply Division employs 
at its plants. Of particular note is: 

• There is limited use of HECO's computerized maintenance management system. Ellipse 
is the key to effective work control and is underutilized in the meas of work planning, 
equipment history and financial tracking. 

• HECO subscribes to NERC-GADS but underutilizes the resulting data as a tool to guide 
and direct planning and decision-making. 

• In addition, HECO performs limited benchmarking against industry performance due to 
concerns over the validity of comparison - It is felt that HECO plants are operated at 
much higher capacity factors than similar plants. As a result, benchmarking is seen as 
having limited value. 

• There have been issues described with identification and troubleshooting of equipment 
problems. This may be due, in part to limited use of upgraded equipment and tools (OSI 
PI and Process Books, the DCS data acquisition system, PlantView, Ellipse, and PaSTA), 
and interface with other staff. 

The specific candidate actions to address the observations above are summarized below. A 
detailed description ofthese actions is provided in Appendix B. 

Candidate Action 19: Assess and resolve softwme interface issues between the Ellipse software 
and other maintenance management systems to optimize the work planning and execution 
processes. 

Candidate Action 20: Make better use of available industry benchmarking data. Utilize 
benchmarking to evaluate HECO performance relative to the industry and to make this 
information more visible to executive management. Specifically, HECO should annually review 
NERC GADS data to benchmark against industry peers and to better understand their current 
operating situation 
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Candidate Action 21: Train the system owners to model their components using all available 
condition inputs. Provide training so that they, and other key individuals, can use the outputs for 
diagnostic, planning / corrective purposes. This candidate action is to provide better training, 
directions, and requirements for the use ofthese tools to more effectively evaluate data for O&M 
decision-making. 

The potential benefit opportunities resulting from implementing these candidate actions me: 

• More effective work management, maintenance basis implementation, and resource 
utilization. 

• Keeping the Executive Team periodically informed of unit & system performance to 
provide strategic insight to enhance planning and decision making. 

• Improved reliability through better use of data to drive decisions and actions. 

4.3.5 Training 

Operations and maintenmice personnel should meet or exceed all educational, job-specific, and 
experience requirements. Training consists of self study, classroom and on-the-job knowledge 
capture. Training and qualification status is tracked and readily available to supervision that is 
responsible for assigning work. The qualifications of contract personnel me provided in 
accordance with contractual agreements. 

Several areas involving training and familiarization with technologies were identified as 
opportunities for improvement. They affect the individual's ability to perform their job functions 
efficiently. These meas include: 

• There have been a significant number of newly hired Shift Supervisors mid Operators, 
and newly assigned System Owners. This appears to have caused an "experience gap". 
There have been issues described with performing routine rounds, equipment monitoring 
and testing, identification and troubleshooting of problems, use of upgraded equipment 
and tools (OSI PI and Process Books, the DCS data acquisition system, PlantView, 
Ellipse, and PaSTA), and interface with other staff. 

• There are opportunities to improve maintenance, operations and the engineers' ability to 
identify and troubleshoot problems prior to initiating the maintenance action or outage. 
The inability to correctly identify the cause of problems negatively impacts effectiveness 
in planning for maintenance actions and outages and that the trouble-shooting and root 
cause investigation responsibility burden is transferred to others. 

• The Operators and System Owners are responsible for monitoring and managing new 
equipment after major and complex plant upgrades. There is evidence that HECO is not 
aware of some of the advanced functions provided with upgraded equipment due to a lack 
of understanding by the Operators and System Owners. 

• HECO has an effective PdM program (staff and technologies). However, this program is 
still being underutilized by all but a few maintenance personnel due to unfamiliarity. 

• HECO's trades and crafts are highly specialized. Opportunities exist to promote cross-
training and multi-skill development by combining similar skill sets and capabilities such 
as combining technicians with electricians. 
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There appear to be several actions that can effectively improve overall staff capabilities. There 
are several candidate actions offered for consideration to address these general training and 
qualification concerns. These are: 

Candidate Action 22: Develop a mentoring and training program for front-line shift supervisors 
and operators. This candidate action is focused on increasing the experience level of the 
supervisors and operators relative to plant operations, decision making, new equipment and data 
systems, etc. This is intended to address on-going operations training. 

Candidate Action 23a: Develop knowledge of the equipment and its function through 
procurement and implementation of computer-based and OEM-augmented training programs. 
The training modules must be somewhat equipment-specific so that effective trouble-shooting 
can be performed. The focus of the training would be on improving supervision, craft, 
technician, operator and system owner capability to troubleshoot problems reactively and to 
identify failure modes proactively. 

Candidate Action 23b: Implement a formal and structured root cause analysis methodology. The 
process built by HECO as a part of PSRO is designed to accept the root-cause analysis 
methodology that HECO selects. This candidate action would require varying levels of training 
and familiarization in the methodology for those participating in analyses mid those facilitating 
them. 

Candidate Action 24: Ensure that Operations and System Owners more involved during the 
initial project development, installation and commissioning of new systems and equipment. This 
addresses the need to ensure acceptance, ownership, and a smooth transition following 
installation mid commissioning of new equipment. Training and initial go-live support should be 
provided on more complex installations such as controls upgrades. 

Candidate Action 25: Ensure that maintenance, operations, and system owners to more 
effectively interact with the PdM team to utilize the condition data for their own purposes. 
Specifically, provide training to staff on utilizing condition data for equipment troubleshooting 
and maintenance work plarming. 

Candidate Action 26: Evaluate the potential for development of a cross-training program for 
bargaining unit personnel to better utilize existing resources. 

The potential benefit opportunities resulting from implementing these cmididate actions include: 

• Improved maintenance and outage planning 
• Reduced equipment repair tum-around resulting in improved equipment availability 
• Better utilization of technical capabilities. 
• Improved plant operations with resulting reliability. 
• Improved performance and efficiency from the upgraded equipment through better use 

and understanding. 
• Improved productivity and effectiveness of the staff. 
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Better utilization of staff during "crunch" periods. 
Movement to a planned from a reactive environment. 
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A GLOSSARY OF TERMS 

Accountability & Ownership addresses how all maintenance personnel recognize what is 
expected of them and how they perform accordingly at every level within the maintenance 
organization. 

Actual Net Generation: The total mnount of actual energy produced to be distributed to the 
electricity grid during a given time interval. This is the equivalent to the actual product 
generated by a production plant. It is the product of the actual power output - in MW -
generated by the unit for distribution and the given time duration of output, usually given in 
hours. 

Actual Generation in a given year for a sample 90 MW unit producing half capacity for six (6) 
months and full capacity for six (6) months: 
(45 MW / 90 MW) X 90 MW x 4,380 hours + 90 MW x 4,380 hours = 591,300 MWh 

Available Generation: The total potential energy a generating unit can produce in a given time 
period. In the electric power industry - as is the case in any production industry, there almost 
always exists a discrepmicy between the maximum amount of production and the potential 
amount of production, which can be attributed to capacity losses due to various facets of resource 
management, maintenance, and operation. This includes time necessary to repair equipment, 
restrictions in operating equipment, and management decisions on when to operate this 
equipment. Available generation is the product of the available power output - in MW - and the 
time interval of availability, usually in hours. 

Available Generation in a given year for a sample 90 MW unit operating for six (6) months 
under reduced available load: 
(60 MW / 90 MW) X 90 MW x 4,380 hours + 90 MW x 4,380 hours = 657,000MWh 

Benchmarking addresses the maintenance organization's process and proficiency, with 
benchmarking of the assets performance to allow for a direct comparison of the organizational 
practices with those considered "best-in-class" within the utility industry and among all other 
industries. 

Communication addresses the quality (formal and informal) of communications and 
information exchange between Maintenance, Management, Operations, Engineering, and others 
within the organization. 

Continuous Improvement addresses the organization's ability to be a "learning" organization 
that is able to avoid repetitive mistakes. 
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Contract Management addresses the organization's methods and practices associated with 
managing contractors used to complete specific maintenance work. 

Corrective Maintenance tasks (CM) result from, loss-of-performance, component breakdown 
or catastrophic equipment failure that must be dealt with immediately. 

Data Capture and Utilization addresses the effective capture of equipment maintenance 
history, performmice, and reference information. 

Equivalent Availability Factor (EAF): This metric measures a unifspotential power output 
for a given time interval. This metric is usually referred to as the availability of the unit. The 
unit's EAF is the ratio of available net generation to maximum net generation. A simpler 
description of this metric is that it answers the question of how much energy could have been 
generated in a given time period. 

Maximum Net Generation for a sample 90MW unit in a given year: 
788,400 megawatt-hours (MWh) 
Available Generation in a given year for a sample 90 MW unit operating for six (6) months 
under reduced available load: 
657,000 MWh 
EAF = 657,000MWh / 788,400MWh = 83.33% 

Equivalent Forced Derating Hours (EFDH): Equivalent Forced Derating Hours are used to 
equate Forced Deratings to Forced Outages. EFDH are calculated by evaluating the percent 
reduction in load (in MW) a Forced Derating incurs on a generating unit and multiplying this 
percentage by the event duration, usually in hours. This represents the smne time interval effect 
a Forced Outage would have on a unit. 

Equivalent Forced Derating Hours for a sample 90 MW plant that experiences a 30 MW Forced 
Derating for three (3) weeks: 
30 MW / 90 MW) X 504 hours = 168 hours 

Equivalent Forced Outage Rate (EFOR): This metric measures a unit's lost production due to 
unexpected equipment problems or operating conditions. EFOR is a metric that measures the 
amount of Forced Outages and Deratings that occur. The metric is essentially a ratio between 
the sum of the Forced Outage Hours and Equivalent Forced Derating Hours to the sum of the 
Forced Outage Hours, Total Service Hours (number of hours the unit was generating power), and 
any pumping hours if it is a hydroelectric unit - which does not apply to any HECO units. A 
simpler description of this metric is that it answers the question of how much generation was lost 
due to unexpected events mid equipment failures. 

Total Service Hours for a sample 90MW unit in a given year: 
4,500 hours 
Forced Outage Hours for a sample 90MW unit in a given yem: 
700 hours 
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Equivalent Forced Derating Hours for a sample 90 MW plant that experiences a 30 MW Forced 
Derating for three (3) weeks during a given year: 
168 hours 
EFOR = (168 + 700) / (700 + 4500) = 16.69% 

Forced Events - Outages (FO) and Deratings (FD): During the operating cycle of a 
generating unit, it will experience unexpected events that prevent the unit from producing its 
intended power output mostly due to equipment failures. If a particular event causes the unit to 
reduce its load (MW output) completely, it is classified as a Forced Outage. If a particular event 
causes its load to be reduced partially, it is then classified as a Forced Derating. Forced Outages 
and Deratings are usually classified according to severity. FO events are labeled U l , U2, and U3 
in decreasing order of severity. FD events are labeled Dl , D2, D3, and D4 in decreasing order of 
severity. Forced Deratings can be equated to Forced Outages through Equivalent Forced 
Derating Hours. 

Goals and Business Plan addresses the maintenance organization's process for creating a 
business plan that clearly addresses the maintenance organization's vision and mission, internal 
and extemal customers, strategy, goals and objectives, key performance indicators and initiatives 
as well as their associated benefit. 

House Keeping addresses the material conditions, cleanliness, and housekeeping of facilities, 
systems, and equipment upon completion of work activities. 

Human Performance addresses the evaluation of maintenance leadership desired behaviors for 
maintenance persormel that will ensure the appropriate level of professionalism by all workers. 

Information Integration Systems addresses the use of integration systems that relay on the 
local area networks, and web-based Intranet and Internet networks. Develop comprehensive 
Maintenance Optimization Plmi including specific Goals and Performance Metrics to drive the 
Organization (issue #16). 

Leadership provides direction for the organization by clearly defining expectations and 
providing the necessary support and budgets for initiatives to be successful. 

Maintenance & Diagnostic Technologies addresses the use and availability of monitoring and 
diagnostic technologies, including both periodic and continuous on-line systems. 

Maintenance Basis (MB) addresses the process used in determining the basis (i.e., what and 
how maintenance work is performed for specific equipment as well as the timing of such work)) 
for identifying the optimum maintenance work task balance as well as the overall strategy for 
maintaining reliability. 

Maintenance Management System addresses the technologies required to support the 
workforce in the maintenance optimization process, which includes all technical advances such 
as: automation, condition monitoring technologies, maintenance management systems, process 
data historians and distributed control systems. 
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Metrics addresses the quality and effectiveness of a maintenance organization's key performance 
indicators including global goal measurements, such as: availability; cost and reliability; and 
specific maintenmice department goal measurements. 

Net Capacity Factor (NCF): This metric measures a unit's actual power output for a given 
time interval. The NCF is the ratio of actual net generation to maximum net generation. A 
simpler description of this metric is that it answers the question of how much energy was 
actually generated in a given time period. 

Maximum Net Generation for a sample 90 MW unit in a given year: 
788,400 MWh 
Actual Net Generation for a sample 90 MW unit during given year: 
591,300 MWh 
NCF = 591,300 MWh / 788,400 MWh = 75.00% 

Net Maximum Generation: The maximum generation is defined as the total amount of energy 
a generating unit can produce in a given time period. However, a given generating facility also 
requires power to operate its own equipment; therefore, net maximum generation is the 
maximum generation less any energy required to operate equipment. It is the product of the 
maximum megawatt (MW) capacity rating - less power necessary to run unit equipment - and 
the given time interval, usually given in hours; the resulting unit of which is a megawatt-hour 
(MWh). The maximum generation in a given year for a sample 90 MW (net) unit: 
90 MW X 8,760 hours = 788,400 MWh. 

Organization addresses the organizational structure in place to provide for coordinated 
maintenance decision-making, and successfully accomplishing system and equipment 
maintenance (e.g., process teams, component and process ownership, fix-it-now, etc.). 

Outage Management Processes/Procedures addresses the organization's formal policies mid 
procedures that are in place to manage "how" maintenance is accomplished in a planned 
maintenance or rehabilitation outage including work initiation, planning and scheduling, risk 
assessment, and contract management. 

Perform Maintenance Tasks addresses the actual as measured performance of the maintenance 
task. 

Planned Events - Planned Outages (PO) and Maintenance Outages (MO): In order to keep 
a generating unit operating as it was initially intended, maintenance and repair of the equipment 
is necessmy. In order to prevent the occurrences of equipment failing unexpectedly, periodic 
maintenance and repair of equipment is planned for and scheduled. Some situations require that 
the unit's load output be reduced partially or completely to accomplish the necessmy 
maintenance activities. Planned Outages and Maintenance Outages are instances in which the 
unit's load output is reduced completely and the unit is taken offline. Planned Outages are major 
situations in which the required maintenance activities take several weeks to complete. These 
events are planned and scheduled well in advance. Maintenance Outages are situations in which 
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it is necessary to take the unit offline before the next Plarmed Outage to conduct maintenance; 
however, the situation does not require imminent attention and the event cmi be properly planned 
and scheduled in advance. 

Planning addresses the organization's proficiency and effectiveness of work activity planning 
including determining what activities will involve detailed planning (infrequently performed 
work, complex tasks, work requiring specialty resources, work requiring post maintenance 
testing, etc.). 

Post Job Critique addresses the supervisory review and comparison of the work accomplished 
as well as the post-maintenance testing or inspection performed to determine that work is 
acceptable before the system is retumed to normal service. 

Post Maintenance Testing addresses post-maintenance or post-modification testing, inspection, 
or surveillance performed following maintenance or modification installation to verify that 
performance is based on design criteria, that the original deficiency was corrected, and that no 
new deficiencies were introduced due to maintenance. 

Power Supply Reliabilitj' Optimization (PSRO) Program is HECO Power Supply's strategic 
framework for optimizing operations, maintenance and engineering processes, technology 
applications mid inter-departmental cooperation so that maximum production efficiencies are 
achieved. 

Predictive Maintenance tasks (PdM) are tasks that must be performed as a result of detecting an 
equipment problem based on a diagnostic technology. 

Pre-job Briefings addresses the guidance for the performance of routine pre-job briefings for 
maintenance activities. 

Preventive Maintenance tasks (PM) are scheduled tasks that are time based recurring work that 
has been demonstrated to be necessary to keep equipment in optimum running condition. 

Proactive Maintenance tasks (PAM) are improvement projects that have been initiated to 
resolve recurring maintenance problems. 

Qualifications addresses the maintenance organization's methods associated with the 
qualifications and skills of functions within the organization, with a focus on whether 
qualifications and skills are capable of supporting program goals. 

Return Equipment to Service addresses the processes required to return equipment to service 
to ensure that the proper testing has been accomplished and that the equipment is ready for 
service. 

Risk Assessment addresses the process of establishing the risk associated with planning and 
execution of work as well as safety and reliability concerns. 
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Safety addresses the awmeness of the personnel of the importance of safety. It is the 
processes/procedures that are in place and being followed to address safety concerns. 

Scheduling addresses an organization's proficiency and effectiveness with scheduling of 
maintenance tasks, resource loading and monitoring schedule adherence throughout the work 
control, execution, and closeout processes. 

Stores/Inventory Management addresses an organization's proficiency with ordering, hmidling, 
storing, and issuing all parts and materials for the maintenance tasks. 

System and Equipment Clearance and Tagging addresses the process of clearing and tagging 
out equipment in a timely manor in preparation for maintenance work. 

System Ownership is the advocacy granted to the owner for controlling the health of a system 
of power plant equipment. Examples of systems are: boiler air and gas, condensate and 
feedwater, boiler steam and water, etc. HECO utilizes engineers in Power Supply Engineering 
Technical Support Department to serve in this function. 

Tools & Materials Staging and Control addresses the accessibility of tools including specialty 
and diagnostic tools needed to execute maintenance tasks effectively. 

Training addresses the policies, processes and procedures in place to govern the maintenance 
Training and Qualification program. 

Unavailable (Lost) Generation: This is the resulting lost generation due to either planned mid 
scheduled events, or unexpected events. The addition of Available Generation and Unavailable 
Generation yiel(^ Net Maximum Generation. 

Maximum Generation in a given year for a sample 90 MW (net) unit: 
788,400 MWh 
Available Generation in a given year for a sample 90 MW unit operating for six (6) months 
under reduced available load: 
657,000 MWh 
Lost Generation in a given year for a sample 90 MW miit operating for six (6) months under 
reduced available load: 
788,400 MWh-657,000 MWh = 131,400 MWh 

Utilization addresses the organization's effectiveness in actively and positively managing the 
relationship between Management and Craft (Union or Non-Union) to provide a win-win 
situation in most or all cases. 

Work Close-Out includes the maintenance organization's proficiency with prescribing and 
performing post maintenance testing, post job critique, housekeeping practices upon completion 
of work, transfer of equipment ownership to operations for return to service (Return Equipment 
to Service), the capture mid documentation of "as-found" and "as-left" information and the 
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effective utilization of the information to proactively improve future maintenance and equipment 
reliability. 

Work Close-Out Procedures addresses the administrative procedures and policies in place to 
govern and guide the maintenance work closeout processes. 

Work Control signifies those processes and procedures that address the "how" an organization 
accomplishes all of maintenance tasks. Therefore Work Control includes work and task 
prioritization, risk assessment (where the risk associated with the completion is considered 
equally importmit as the risk associated with not completing a maintenance task), mid the 
planning and scheduling of maintenance work. 

Work Execution addresses the performance of work and execution procedures, clearance of 
equipment, staging of materials, pre-job briefing, quality assurance and verification programs, 
safety practices and processes, mid post-job critiques. 

Work Execution Procedures addresses the existence and quality of work execution procedures 
that an organization uses to ensure the safe and effective operation and maintenance of the assets. 

Work Identification provides the overall strategy and approach applied to determine what 
specific task(s) are required to ensure that the appropriate work is performed to achieve high 
levels of equipment reliability at the lowest or reasonable cost. 

Work Management Processes/Procedures addresses the organization's formal policies and 
procedures that are in place to manage "how" maintenance is accomplished including work 
initiation, planning and scheduling, risk assessment, and contract management. 

Work Order Generation (WOG) addresses the processes associated with how a request to 
perform work is initiated in the organization and administered at the facility. 

Work Prioritization addresses the process of "how" an organization screens, and determines 
and tracks the priority of all work requests identified. 

Work Quality addresses the process of assuring that the work performed maintains a high 
standard and that all aspects of ensuring quality me employed 
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B CANDIDATE ACTION LIST 
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1 E î  E •̂  ^ ^ 

« i 2 s s ^ s 
s 01 12 CL c t S 

&.EB ^ I - S I 

01 
E 
01 
D l 

ra 
E 
•if 
0 
5 
01 
B 

.i 
'̂  01 

£ 01 
D l 

•c 
Si 

1 
•5 

01 

c 

2 
B 

E 
01 

^ 0 

O CO = .12 

1^1 

=« 01 8 

01 > c 

"u ro Cl 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 78 OF 84 

B 5 
OJ c 

a: i 
E ̂  
Q. Q 
m 

1 ? 
1^ £• -S-
01 ^ s r 

" g 1 .9 E E 
= D. 2 
§ : UJ 

< 

•s 
c 
01 
ca 

c 

0! 

Q. 

c 
o 
•a 
u 

< 2 
ra 
T3 

T ! 

U 

Q 

01 

in 

O 

R
es

po
ns

ib
le

 
H

E
C

O
 P

ow
er

 
S

up
pl

y 

D
iv

is
io

n
^ 

S
ch

ed
ul

e*
 

S
=S

h 
or

t 
te

rm
 

l=
ln

te
rm

e
d
ia

te
 t

er
m

 
L=

Lo
ng

 t
e
rm

 

ra %.. 

1 1 
0 . — 

< 
10 
u 
u 
o 

u . 

C
a
n
d
id

a
te

 
A

ct
io

n
 

N
um

be
r^

 

O) 

01 

B 

a • • = ' 

s 8 ^ 
roc— CO 01 
« ra J , 3 £ 

^ S - ^ E ^ E E 
•^ - t c r 51 ro E 

^ ^ i ^ i l 2 
1 ^ S 8 B | O 
2-^ l^-ra SS 
= D1 .E ra E E Q. 

, • 5 = 2 H • t " IS = S u i 
fill — • i ^ c - ^ S t n t n C i ^ . o - D - 2 . E - ^ 

liiliaillliillllflli! 

^ > S r a O i " o i o i " ' ' £ ' ^ - r o [ = S E O i ^ i c D i > , r a 
^ ^ ^ = S « = = " • • § . S E E ^ « i - ^ . S o roo„-

II |^IIII1||| | | | . I1IOTMI1 
!i..p 1̂  X 
S cn <" S 1" P 11 CO C 

roroPSE"? . § 0 1 " . Z 

.il-^rP^tttH 
,™ S ^ i ~ 35 i5 S S 1 S ^ 
£ 8 = 2 ^ ^ ^ oS S t " 
5 . i i i | 3 ^ " j 2 i 2 2 a 
g £ E ! E i i s a : i . : - l 
. E c n o - S o i - c E J t ^ S 

5 . E 1 5 5 - C 1 — 1 0 — S j S S j n 

^E 5 S! =^ I S I B I J . ^ 
i n o = c i r a O S c ' S a i c M c 
< u roTi^Q- E O . . E T I 3 ^ ro 

01 

E 
01 
Dl 

i 

-

D l 

X 

° « Cl 8 

01 > c 

• ^ c c 

B ^ B 
t Cl .E 
o A- ro 
O ' ^ S 

;: 

ffi 

a 

5 

1 

2 ̂  1 
i J S g 1 Ll •£ 

^ ^ ^ g ^ 2 

1 2 ^ ^ i S 
^ 1 1 E 1 8 
E 1 S 01 5 = 

i .E £ g s 2 

C • - (U . Dl c — c . c •= E 
. ^ a i " 2 S o t n T i — — o 

2 = 2 . B , = ^ ^ - i n B S 

roolS'^ISig^i^ 
. 2 ^ ^ B . 2 - - i 3 - g = g i B « 

a . r j i r a n j ^ i g r o ^ g . J ' C n , 

" ° f l l r a - S l l o ^ = 5 | 

lll|i i41- il 
r ; o ) S ; E o i ^ < i i E - - = r a - n 

S E S " | H E S = S I ^ | 

oil.i'2 S S ^ - i l ^ i 8. 

Illniiillii 
roooiSoSstn^oSL. 
> " = 3 . C o i M - t n P s 2 J^ 

l U c i D . c i i o > o r o S r o E 2 

T l ^ 
^ 2 • ^ 
ro 2 i o o 
J3 = ra fll . g 

" Cl - ^ > , .E — 

<11 , i . ^ _ J3 01 

s ' 5 . iS E 5 S3 B 

<" o - ^ o i o -Q <li 

ra « 8 S H S - ^ 

" " • S f f c ^ ? 2 < « 

a . o - * c o fli-£CL = 

01 Q. 1 = E 1 E g 

I ^ & E B O T E S S 

ro c o fll 

01 c E c 
c .ra (U D l 

-

Ol 

X 

' a Cl 8 
01 > c 

, a ^ ra 

^ SB 
t 01 .E 
o ^ ro 
O ' ^ S 

M 

^ 

1 
O 

O 

D l T I 

- 8 o 

i » 8 

c 2 ^ 11 ffl B 5 

llillll 
lillitl Dl 

i o 8" 
o T ) .;£ 
ro c u 

fll J3 ro ro 
2 -K 01 - ^ -
CO o . y » CC 

. D i E r o t 

•o W ' " 01 

E '̂  2 1 a 
" ^ o i S a 

B 1 = 8 B 
^ > * O Cl 
ro 01 . c — •= 

i B S p 
TJ ^ o i Cl R 

" "5 -p cl ? 

f &2 g.-i 
8' g o 
15 1 ffi£ 
ro -S - o S t 

E a; = " ^ 

llliii 
J2 3 CL = o 

K 10 2 "c 

ro S a . • ^ TJ 2 
01 c E O C CO ^ 

S 1 .E E 1 >• ~ 
E S Cl 01 ra D-

D l 

n 

-

E 

E 

^ 01 8 
01 > c 
.£ — ro 

S SB 
b ^ . E 
o £ ro 

O ' ^ E 

( 0 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 79 OF 84 

B 5 
2 E 

DC 
CL ? 

! s i 
< 

s f .9-8 

•^ i f 

E S 
2 g-'B : 
2 .E Q. 1 

• ? ^ 0. 
^ S 2 

? i 8 E 
s o " 

> o 2 fll 
••= = fll E 

2 D l ^ 

ra » -̂ i 
s ;S " 
- £ B 
• - 01 cn 
C T l Cl 
. 2 •> : = 
TJ S o 

ra o 

o [J 

o fll 

tn ^ 
. « E 

ro - I K ' - ^ cl 

01 . g 

Cl o " 
ro ~ o 

B 8 c 
T l - ^ . 2 
ro N IS 
1 : = Cl 
B o B 
J : •= Cl 
H C L T I 

I B 

o E 
> Q. 

fll 

a - •S tri . 5 =; " • « 

01 "^ E s 8 = S 
£ 2 s .y = B •> 
2 s >. B 8 tl "S 
B ro S E i 5 -^ 
.E ro Q. u E Q. 5 

5 
o 

X 
F= 

ra 

(u 

n 
c~ 

rn 

1 
V 
cn 
<li 

ffl 

f -

*-Tn 

c 0. S- ~ 
a O 3 > 
m o OT = 

cES 

« 1 ^ E 
B 2 •̂  S 
"U a ' ^ Dl cn 
01 O S C ' ^ 
^ i : c o 
" OT E - J 
OT II oJ !• 

OT 

II 

§ I 

5 S 5 
S < = 

8 ^ B 
t ffl .E 

2 ^ 
ra ffl . ^ 
B E ^ 
i = ffl - I ; 
01 . t _ CO 

ffl B Dl 
£ B o • 

8 E B 

2 Z 

S ro ^ E 
> ^ t l a i 

1 . 2 o 01 ra ^ 

ll .III it 
^ To 01 = ? 

.C $ T l - ^ ^ E 

.i 1 B • ^ J 

E E 
.ffi 2 

^ £ • 

ra o y ~ 

« i r o g 

E ^ 
0 | 

f" 

p 

« u 

ffl 

- 1 

.a •§ ra 

8 S B 
t ffl .= 

g. o 

Dl O 

B E S " 1! 
T I 11 .ffl B o 

— J^ I - D l „ 

= 2 2 S 
S ' ^ c i E 
S 5 IS = 
O o ro 

^ — ffl 

o !^ >> 

E B - = 

^ 01 5 
I'S 8. 
a. B OT 

:S >•£ ro E 

— S 2 fll 

2 " ^ 8 CL d 
E ffl ro I I i n 

- I E ^ " fll 

> 
2 
o 
tn 

m 

a 

1 
OT 

c 

o 
CL 

T I 

01 

O 
TJ 
01 

J: I 

o 

13 

' o 

ffl 

E I . | dl I 
o > = B TJ 

ffl ^ 2 E .2 
•:§ ff o c 13 
S E g-.S B 

ffl 

S B I i to ^ ^ 
ffl ^ E 
o o " 

D l ffl 

2 S ?: _ •?; 
I S B ^ g 

2 £ £ £ ra "• 
E ffl (- ffl TI c 
5 a .g S.^ ra 
CL « T I m g . ^ 

in o .ffl o & 15 
^ c d , •= | - 01 
— tft £ cn ffl Cl 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 80 OF 84 

B o 
2 E 

CL I 
LU >* 

01 

2 i c 

B E 

2 o 
£ i 
in o C tL 
a O 
in O 
0) Ul 

> t 

a. 
a. 
n 

OT 

C 
o 
'w 
• > 

5 
DC X 

"* S 2 
5 ^ -S 
^ E "• 

2 E 
Q Si Z 

I I 

£ 
< 10 
u u 
o 
u. 

• ^ 

.&i 

21 
O 

1 tJ E 
S < = 

ffl az ra 

iliflil 
| | l 8 P 
E .E a . ra E .E 3 

•P E 
E ffl _. 

D l ffl 
E 
ffl 
D l ra ~ 

I E D l 01 
\ - .S o i ^ 

iS E ro 

„, i ffi S 1 
S S .E I b 

ffl Cl 
E 

ffl .B ffl ra 
£ T5 « *= 
. c ra > < T i 
^ B •? ra 

• M B 
ragl^ 
8 O T l -f E „ I r .Z 

- ffl Z _ ?? 2 

B E . " 
, t E -CI .2 

ffl 
CL — .tn 

ffl ffl £ 
B S * 
ffl J l g 
i l u tn 
ra .E T I 

LLI 2 ro 

ffl E c 
£ g o • 

| B ^ 

i T l 5 
2 "5 , ^ 

. - S ^ s-
I ffl 1 ^ .E ° 

! 2 g ^ 13 
I - c > B 
' (5 o 2 ""̂  
i := 2 Cl o 
; e ffl — o 
i 5 . CL ra u 

l 8 ^ 
T l 'TJ ffl 

E CL g 

" « E 

ro E P 

ro ^ — 

o ffl E 

S c ffl 5 

^ 1 ro « 

— " ' ro ""^ 

- i^E £. 

5E S'I' 
ro I •? I 
N g - 2 ro 

£ E S i .- Tl 10 
o . « in > 

B | - I 
= 2 1 3 2 8 

f5 = ffl 
ffl .E > 
TJ •= p 

<" -R .Z < B r? 

8.? ^ S 
• ^ ffl 

I E ffl 2 Q: _ 
2 f , i £ ^ s 

•S "^ = ffl 
ro S ^ -S 
E c ^ 8 

m -8 •. E 2 
D l 

2 TJ 
£ 01 

O £ 

B TI n 

-s s = 
ra ffl D l 
« •> 2 ffl ffl 

2 o ^ ; 

. 2 o c j t ' 

B ! 8 

•s f^- S 
t 2 g 8 

CJ TJ a . c 

H I a; H 

01 E 5 
£ 01 ID 

O TI 
CL d fll 
cn ^ c: 

O D l -g 

fflE E 

l?5. 

E « 

B ffl 
ffl 

•S c Tl •,-; 

ffl 

O - ^ 1= O ^ E 2 

E a; 
2 "ra 

i5 ,8 

E S ? 
« X < 

S 2 B 

= E B B 
I B E 
R Sr ffl 

D l 

OL 
H 11 o 
c " ^ . t i U-
£ 8 E UJ 
O — E 

S 5 B ^ 
o ra tn 8 . 
S S § E 
R ra JS 5 
a . ^ ffl S3 
" '-S E 8) 
2 o "S S 

ffl ffl i-e ^ LLI 
ffl O .O fll T l 
I— S. S . O ro 

ffl B o 
E 2 ••= 

I '•S •£ B = = 
B I ffl « " ..g 

I f f l l f f l l : ^ 
n O 

D l 

E ro 2 ffl ?i 

l E - l f i i 
E .E 5 E .E g 

2 E 

<" >. _, TI ffl 
• ^ S c E . 2 

; t c 01 

• ^ C CD 

ffl 

ffl s .CJ 
« E . E 

I fflf 
.tg o 2 

c ffl C 

3! S 

^ g ro 

= fll £ 
< T I g 
cri l l — 
tu £ " ' S E 

ffi % 

ffl 

« f BE 
•n • " T l S : -

, g = P ra = E 

iH ~ CL 1 ^ 

O 8 

ffl 5 
E ffl 

2 o 

- • ^ ^ i B g ^ .bl ra ^ 

.E2 2 i 1 ffi 8 

11 f i l l 
H 3 i £ 3 CL 5 

a 
E 
ffl 
[ -

tn 
c 
o 

s 
• 5 . 
C l 

< 

% 
c 

< 
2 
0 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 81 OF 84 

1 2 
B S 
2 E 

LU >* 

±2 £ 
B E 
rt D-

•" fll 

:<;> s 

f l u 

0) Ul 

n . in 

Q 
DC X 

"* S 2 
5 ^ -S 
^ E "• 

2 E 

2 ^ u 

? OT 

I I 

^ tJ E 

ci g i i •!=!• 

^ ffl ffl ID . t 

O D l c ' .^ 

• ^ o 

I I I 

ffl 

_1 

> 
ffl 

^ ^ ̂ 
L. 
fll 

n 

a 01 
.Q 

O 

E 

>^o E -
m Q: — 'ci 

ra|E 

^ 8 B 

.li t -^ 
S 01 E 
3 Q. E 

" > ro E 
^ 1 | r a 

1 = 11 
E 3 "5 2 
ffl C C ffl 
Dl C ffl S 
ro ro .P ffl 

B S Tl o • " 
E = ro ° 

Illl 
"3 O OT CO 
ffl X C5 CL 

D l - ^ 

•S B 
ra 3 
ffl o 
C l . = 
O CO 

ffl 01 

5 I 

= £ .2 :a 
^ I S .2 
i s'S ^ 
^ = • - T l 
ro ro J c 

;E — »- — 
= g B 8 
10 w ffl ra 
^ ffl B o . 

&r I = 
E * o £ ffl "in" — ra 

illl 

^ O "P 3 
^ -"̂  ra '-^ 

pll 
p .ffl . - £ 
^ • B . 8 s 

OJ ra CT 

^ i '^ "5 

ffl g o : ^ 
£ O . ; J i 

•I E ^ S 
2 8 ^ B 
I— o B o . 

Z ^ T5 TJ 
5 2 " 
2 =6 B 
ffl "g Dl 

n ffl ,„ *" ra 

_ S B E 
tn •.= D l = 
O B p •? 
X t i l •= CO 

D l 

b 

a 

ffl 

TJ 

n 
E 

t 

o 

o 

' S 

i g 

2 
?! 

C 
t i l 
tn 

" a . 

O 

£ 

B 

C l 

s 
01 

E £• . 

UJ 
X 3 B -D 

rai 
< -

^ E 
B ^ 
E 

.E S B E -S .a : i 

& 
< 
u 
o 
u . 

X ' " ^ 
o B ra 

^ S< 

^ ^ ^ 

ii 5 g 
B >, « B 
j ^ i= 3 (u 
S - S ffl "^ 
ffl B t l 5 iri 
J l ffl lU £ c 

E & 8*° ro 
ffl Q. 2 B Tl 

i .E £ ^ 8 

2 > 
^ 8 

I = 2 S 
ffl 2 Cl "1 

S ra I •S 

I S 

_ tn 

i 8 "S E 
2 2 

1 i. 
il 

I . ^ 01 

^ B £ 

^ i x 
« 2 
g> n, D l 

« T l c 
ro D l i s 
- ^ E CL 
O C c 
O ^ ,2 

u ra 

< s 

•D E > 

? 0 E 
^ ffl -

E S < 

< D 

JS 2 

E 6 2 3 
ffl B. ffl .s 
= E 9- f f l 

ra 12 
i : Cl 
TJ •? 2 

£ i ^ i o 
•S 2 H = 

g"? 3 B 8 
1 1 8 ^ o 
2 2 di I .8* 

£ ro£ 
ffl fn B ^ 

B D 1 2 E 

2 -e " 
ffl CO 

E ffl .E ra g I E 
= 2 cri - o 
O O c = 
_ tn o ffl TJ ^ £ = E .g E 
" ffl E B E i 
f< a . ffl 3 ffl . = 

. X 3 Q. D- f : ro 
•h! tn o ffl .E i : 

ra I f 

, g i rt 

ra ffl 
c B 

.= £ 

ffi ^ 
ffl S 
£ ffl 

Q ro , 5 

2 o S-¥ 

^1^^ 
III! 
o ro ffl g ; 

E l S-g 

up
er

vi
so

ra
 

os
iti

on
s.

 
T

 
^u

se
d

 a
n 

' 
aw

e 
be

en
 i 

g 

•E 

ffl 
:s 

T l 

D 

D 

1 

ffl s 

3 TJ 

E C , 
ffl ffl 

•S E • 
£ CL 
CL 3 J 
' o ffl " 
CO T l 
m ffl 
a T l 
^ 2 • 

i 8 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 82 OF 84 

1 2 
B ffl 
2 E 

LU >* 

B E 
rt D-

in O OT ~ 

. g ^ E 
2 ffl 2 ffl 
3 TO * " 

T : e =• Dl 
ffl O 01 c 

11 

& 
< in 

O 

«1 o 
Dl — 
c ro 
B !£ 

1 tJ E 
S < = 

• ^ 

ffl 
JH 

c 

E ffl 

E " 

b is 

i 
is 

D l 

£ 

g 

ffl 

lii 

b 

^ 
i!> 

8 8 

i ; 2 ' ^ ^ T l 

.ra o 

y 5 l i f . £ 2 ^ 
E t : 

.•= g C I ^ ro 

i f . 

ffl 2 E m 
ffl 

E 

ffl 
F 
f 
d 

n 
TJ 

ra 

8 
JH 

ffl 

b 

8' 
CL 
Dl 

tn 

ffl 

a. 
D-
ffl 

s 

cn o - - B I 
° E - c 

•§H S.E 

E 2 B r o s l l E 8 
^ Q . C l . ^ t n f f l C L C l Cl 

E tn 
ffl ffl 

t l 
S ffi 
o . g 

•S B 
i i •£• 

a ffl 

E E 

I 8 

£ •.= oi m 

i g B - s i 
ffl g S Q. 

- -̂  ° E 
c ? > , ffl 
2 B = -Cl - ^ 
ra 2 B £ E -

D l -

" i — 
8 E _ 
D O > . 

g Dl E 

ra E ffl 

8 - 1 1 
13 ^ 

B^? 

^ i 
o IS — 
— D l cn 
ffl - J ' ^ 

,in o — ^ B -

2 £• I S 8 1! 
S .r^ e - ffl 

c •= o 

S 2 2 

E ^ 
B g 
WE 

S5 

i - | E | i B 

S = S £ 

a.p l 
? ^ T I 

D l 

, t , y D l p T l 
ffl B 

o 

2 -

= b 5 

E i-^ = 
; " . 2 & ^ ° 
^ E i r a S E f 

3 B - i D i .g 

a E 

2 .2- o 2 g _ 

i ? 8 l = E 2 ^ J T I ^ 

T l ° 

! 3 E 
. i ^ ? i 3 E = S c f f l ro = o f f l f f l m ^ T i 

; ^ ffl 

i £ In O tfl OJ 
^1 5 S ^ 

ffl TJ - ffl S S 

2 ^ E i 
K TJ a . 2 I I SI I 

- « E c 
8 Cl B B 

i2 E S £ . 1 3 
E a . ffl ^ = 
E " 
O D- T I 
u ffl ro 

D l CO 5 2 E ^ 
B TJ D" > . 01 ^ 

E f " 

E E c ro 
rt n — — 

T I T l 

: [0 

.5 •§ ffl ^ j ^ .5 
~ ffl ~ - O IS 

o ° 8 s ^ 
E S c E « 

ffl 

e • ro ' f f l 

g 

E 
2 

CO 

n 

1-

Dl 

E 

i : 

1-

01 
5: 

- ,. B 5 

> = ^ ffl 
_ S 

1^1^ 
^ B- D l . 
ffl (31 3 C CO 

H I 8" E I 
$ Sff l f o 
E 2 24^ E 

i O 01 "S OT 

i S f i^E j i JJ 11* ID LU U 
H g E " Q - X ^ B 



CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 83 OF 84 

2 lE ^ 

"g I 
0.0- 2 
a UJ 

ffl 

ffl & ffl u 
r « > ̂  ffl 
o CO -5 g> •-

8 ^ 1 ^ ^ 
•s 8 ^ ° "^ 
2 ^ CL Q. ffl ;^ I 8'8 

S E ffl > 
£ B c £ 

' CL C l ' = O. 

: .E .E I E 

E = E 
" - 5 . e 

IE ^ 
ffl B SS 
ffl ° ^ i ^ S 
B 

t r i £ 

8 <̂  
•— ffl 
2 o 

E 

5 E 
a= B-

o 2-B 

D- ffl E 
- .= O 

ro CH 
E W 

ffl • § 
Tl t : 

> 2 
2 8 

<0 £ 

E 2 

, • § " E 

o d: I ra « j< 

: ^ ^ ^ 7 B g " 2 
, ffl raTj^c-'S.E 

- E i . M X 
2 i 

ffl E S ^ 
I ffl g £ S 2 

E B 

E 

T^ ffl 
CL a . -
ffl .o ffl 

8 CQ 
B S o o 

- • S B 

- B t) = = c 
- l i • " ffl 2* ?= — = -g .E E ffl 

..llliil 

Q! I 

2 
ffl 

|Q- O 

0! 

.2 2 

ik e 
OT 

4> 

ffl a 
^ E 

S < .5 

•u ^ 

ja ^ 3 

ffl 
E 
CL 
O 
ffl 

> ffl 
Tl 

O 

B 

D l 

.E 

E-
x i 

o 
E 
ra 

D 

- K 

X 
ffl ffl 
N 

1 
ffl 8*2 

B 1 -
Z m TJ 

= * " « • = 

• H I 8 ^ 

i s 1 = ro 
gi u - E 
•P ffl ffl >, 
^ £ ffl E 

Illl 
O ra j£ ^ 

^ ffl fflB 
ffl S ffl ffl 
ffl I ' ^ i y 

,ri "oi -1̂  2 

-S E .8 
5,2 
2 >• 

2 
- B D, 
2 fn S 
O I Cl 
T̂  V Dl 

B B i i 8 
. 9 - = c;i >. 
= ffl tn ffl 
E d b ra 

1.8 

- 5 



= 3 
01 — 

M 

3 ° 

CA-IR-37 
DOCKET NO. 2006-0386 
ATTACHMENT 1 
PAGE 84 OF 84 

I B 
— 01 

11 

2 ^ 
= m 

E 2 ^ o 
E o 
i E 

o ra 

3 3 
2 ^ 

I! 
1 2 
E % 

.2 $ 

l o g 
£> a -Q 
CD cn CD 

III 
5 a, D 
Q- B 5 

= i-

11 
O 01 

B S 

3 J = 
B ju _ _ 

B "̂  

c 01 

B E 

1 E § I i IS 
Cl a t •g 6 

E s ^ 5 

I S S IB £ 

i 5 s I i2 

01 -w 
£ tu 

S 2 5 75 2 "1 ro S 
S 5 B a 

o E 
S E 

^ 01 

o £ 

S ^ 
CL o 
£ S 

,2 O 

2 t ^ £ 
S | B ^ 

CO 1 ^ CO 0> 

SI ss 

s sg 

t o 

g E o 

| | | 2 | - o s 
~ -D D. ^ O ^ 

O .= =1 
, , B '^ < 

• '~' o o T5 
B LL O -

: i .̂ 1 :• 
: S 5 g •̂ 

CD O Q > 
•O D. E ^ E ^ O 

a : c ; 
m" ai 

"i E 

It 
CO 01 

ai 55 

— 2 

cn Q: T 

. ^ B S 

ai" .5 

"ai .a 
c : -S -s E = a s 

? i | 
^ fc ~ Q. «; 

, > s i2 
5 S 
1^ 

E E I t a ; 
CL a. 
LU LU 

• o P a g 

S F ffl " 

S B I ffl nil 
S ffl t/1 D. 
' 0. _ _ 

— I t I t 

O g 

S B 

_ _ _ *$ 0. _ _ 

a. a. 

O _ 
O I t 
LU O. 

00 



CA-IR-37 
Confidential Information DOCKET NO. 2006-0386 
Deleted Pursuant To ATTACHMENT 2 
Protective Order No. 23378. PAGE 1-4 OF 4 

Attachment 2 contains contidential infonnation and will be provided pursuant to 

Protective Order No. 23378, issued April 23, 2007. 



CA-IR-37 
Confidential Information DOCKET NO. 2006-0386 
Deleted Pursuant To ATTACHMENT 3 
Protective Order No. 23378. PAGE 1-80 OF 80 

Attachment 3 is voluminous and available for inspection at HECO's Regulatory 

Affairs Division office. Suite 1301, Central Pacitic Plaza, 220 South King Street, 

Honolulu, Hawaii. Please contact Dean Matsuura at 543-4622 to make 

arrangements to inspect the requested infonnation. Tlie Attachment contains 

confidential information and will be provided pursuant to Protective Order 

No. 23378, issued April 23, 2007. 



CA-IR-37 
Confidential Information DOCKET NO. 2006-0386 
Deleted Pursuant To ATTACHMENT 4 
Protective Order No. 23378. PAGE 1-72 OF 72 

Attachment 4 is voluminous and available for inspection at HECO's Regulatory 

Affairs Division office. Suite 1301, Central Pacific Plaza, 220 South King Street, 

Honolulu, Hawaii. Please contact Dean Matsuura at 543-4622 to make 

anangements to inspect the requested infonnation. The Attachment contains 

confidential information and will be provided pursuant to Protective Order 

No. 23378, issued April 23, 2007. 



CA-IR-37 
Confidential Information DOCKET NO. 2006-0386 
Deleted Pursuant To ATTACHMENT 5 
Protective Order No. 23378. PAGE 1-75 OF 75 

Attachment 5 is voluminous and available for inspection at HECO's Regulatory 

Affairs Division office. Suite 1301, Central Pacific Plaza, 220 South King Street, 

Honolulu, Hawaii. Please contact Dean Matsuura at 543-4622 to make 

arrangements to inspect the requested infonnation. Tlie Attachment contains 

confidential information and will be provided pursuant to Protective Order 

No. 23378, issued April 23, 2007. 


